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ABSTRACT 
Timber production in the Southern United States has benefited greatly from the 
use of a range of intensive and sometimes costly silvicultural practices. To aid in the 
assessment of these costs, costs of forestry practices have been reported periodically for 
the South for over 60 years; however, few detailed analyses of cost trends have been 
done. This thesis analyzes changes in silvicultural practices costs in relation to changes in 
the cost components of these practices as well as larger economic factors and changes in 
the forest industry. Additionally, discounted cash flow analyses were used to examine 
possible effects of cost trends on the future profitability of pine plantation management. 
Cost trend analyses indicated real changes in the cost of several forestry practices, with 
changes in forestry wages and fuel prices having a significant correlation with practices 
cost changes in some cases. Empirical cash flow analyses indicated that declining costs 
for herbicide site preparation has the potential to compensate for increases in the cost of 
controlled burning, though increasing timber cruising and timber marking costs still 
caused all management regimes to decline in value over time. However, even given the 
presumed rates of cost change, slightly increasing timber prices would compensate for 
lost value due to cost increases in most cases. Further analysis revealed that increasing 
timber marking and cruising costs reduce the financial feasibility of management regimes 
with multiple thinnings at certain discount rates given current low sawtimber prices. 
Management implications include that though past trends in forestry costs, if presumed to 
continue, may lead to the declining value of forestry rotations given current timber prices; 
they may not be substantial barriers to pine plantation management as a whole and may 
iii 
be absorbed by relatively small increases in timber prices. However, the current 
increasing costs of practices such as controlled burning, timber cruising and timber 
marking still may reduce potential profits. Investing in training loggers in the proper 
execution of operator select harvests, improving the technological efficiency of timber 
cruising practices, and utilizing herbicide applications over mechanical treatment and 
controlled burning regimes could mitigate problems associated with these increasing 
costs.  
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CHAPTER 1 
INTRODUCTION 
Growing timber and managing forestland requires a long-term approach to 
understanding how investments in time and money will pay off. Many forest owners and 
managers may only have the opportunity to conduct a final harvest on any given area of 
timberland once or twice in their career or lifetime. Given that timber prices and 
management costs may change over time (Bullard and Straka 2011), it may feel like a 
leap of faith for some forest owners to invest in the management of their forest, as returns 
can be uncertain. Others may be simply satisfied with the feeling that they are carrying on 
a legacy of providing for nature and nurturing forests for future generations. Regardless, 
techniques such as discounted cash flow (DCF) analysis can help inform landowners on 
the potential financial outcomes of most timber related forest management decisions 
before they are made. 
The factors that allow one to use discounted cash flow analysis to understand the 
degree from which they will profit from forestry are the value of the timber to be 
harvested (or any other income associated with the timber rotation), the costs associated 
with growing the timber, the points in time at which these incomes and costs take place, 
and the interest rate wished to be earned (Bullard and Straka 2011). That most costs occur 
upfront means that these costs can heavily influence a landowner’s perceptions regarding 
profitability and their decision to regenerate (Brooks 1985, Royer 1985, Hydberg and 
Holthausen 1989). Additionally, the level of investment in forest management has a 
substantial impact on regional timber supplies (Adams et al. 1982), and as an extension, 
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these supplies are influenced by forestry practices costs, as these costs influence what 
practices are used, and thus how forests are managed (Bair and Alig 2006). 
 Having data that accurately represent the costs that one will incur when growing 
timber becomes imperative to understanding the level of profit or loss that will occur 
(Bair and Alig 2006). If planning an immediate reforestation project, most of these costs 
will occur at the present or in the very near future and therefore whatever values are used 
for calculations of profitability will be relatively accurate as one only has to ask for bids 
from available contractors. However, other practices may not occur until midway through 
or towards the end of a rotation and thus their costs will be harder to estimate based on 
current cost values.  Additionally, those interested in forest practices cost data for 
research purposes or for informing policy decisions, may want to be able to understand 
costs at a broader scope. 
Widely available sources of cost data are relatively uncommon outside of the 
Southern United States (Bair and Alig 2006). Fortunately, for over 60 years studies 
periodically published in Forest Landowner magazine (formerly Forest Farmer) have 
provided data on current and historical costs of forestry practices in the South (Barlow 
and Levendis 2015). These publications have generally included average costs as well as 
basic discussions of recent changes in cost, and have been heavily utilized as a source of 
cost information. However, for those concerned with the future profitability of growing 
timber and timber supply, understanding how costs have changed over a longer period of 
time also becomes relevant, as understanding these changes can provide insight into what 
has driven costs changes in the past and to what degree costs may continue to change 
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(Bair and Alig 2006). Additionally, as management levels intensify, additional costs 
associated with mid-rotation herbicide application, fertilization, or controlled burning 
may also be incurred (Bair and Alig 2006). In order to estimate what these future 
practices will cost (to determine the present value of the potential investment) it becomes 
desirable to understand how the costs of these practices may change between the present 
and the time at which these practices will be used. For these reasons it becomes not only 
important to maintain a reliable source of cost data, but to periodically analyze trends in 
these data. 
Such trend analysis has been undertaken in the past (Moak 1982, Dubois et al. 
1991, Bair and Alig 2006), but these analyses have lacked detail, have been limited in the 
amount of time they covered, and none are recent. The purpose of this study is to provide 
information on trends associated with the costs of forestry practices in the southern 
United States through the temporal analysis of forestry practices cost data. Specifically, 
the objectives were to analyze real long-term trends in forestry practices costs to 
determine overall trends in real cost change and to evaluate factors that have historically 
driven these changes. Because the observation of historical trends may prove useful in 
predicting future costs (Bair and Alig 2006), it was deemed valuable to analyze change in 
the financial feasibility of timber management regimes given these assumptions. 
Additionally, such changes in cost have the potential to change the optimal rotation 
length of a timber investment (Chang 1983, McConnell et al. 1983, Yin and Newman 
1995) or otherwise alter the optimal uses of forest practices. The use of discounted cash 
flow analysis provided the opportunity to analyze changes in the profitability of various 
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forest management regimes assuming current costs and changes in cost over time, as well 
to assess changes in the most financially appropriate number thinning regimes and 
rotation length given these costs cost changes. 
By conducting these analyses, more can be understood about potential forestry 
practices-related cost barriers to the profitability of pine plantation forestry in the South 
that may arise in coming years. Additionally, these analyses can inform landowners who 
may wish to adapt their current management practices to better profit from or in spite of 
forestry practices cost change. The following chapters review literature pertinent to these 
analyses as well as detail the methods used, and the results and implications of each 
analysis. 
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CHAPTER TWO 
TEMPORAL ANALYSIS OF SOUTHERN FORESTRY PRACTICES COSTS 
 
INTRODUCTION 
Pine plantation silviculture in the South saw remarkable growth in the second half 
of the twentieth century, with planted pine acreage increasing from one percent to 15 
percent of the region’s timberland area (Conner and Hartsell 2002). Relative forest 
productivity also greatly increased; mean annual increment of pine plantations in the 
South more than doubled and average rotation lengths halved (Fox et al. 2007). These 
productivity gains largely resulted from innovations in intensive site preparation, 
genetically advanced seedlings, vegetation control, and fertilization, leading to 
refinements in silvicultural practices which contributed to changes in the associated forest 
management cost structures (Siry 2002).   
Intensive forest management in the South started with a goal to create conditions 
similar to “old fields” with hardwood control (Clutter and Dell 1978). Roller-drum 
choppers became popular in the mid-1950s, with disk harrows being introduced in late 
1950s to better control hardwoods and to provide soil tillage like old fields. Site 
preparation intensity increased in pursuit of ideal old field conditions during the 1960s 
and 1970s, and involved shearing, windrowing, broadcast disking, culminating in large 
bulldozers and three-pass systems (Fox et al. 2004).  
 Some chemical site preparation was used in the 1960s and 1970s, but starting in 
the 1980’s its pronounced effect on forest growth became well–known and by the 1990s 
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chemical site preparation replaced mechanical site preparation on the majority of upland 
sites (Lowery and Gjerstad 1991). Fertilizer became a tool in the 1960s, but, like 
competition control, did not become common until the 1980s. Integrated forest operations 
and changing technology impacted practice costs explaining some shifts in forestry 
practices cost patterns (Rummer 2002). This history of changes in common forestry 
practices is important to understanding the foundations of changes in costs of these 
practices. 
 Understanding the costs associated with timber production is crucial to analyzing 
the profitability of any given forest management regime. Average forestry practices costs 
for the South have been periodically reported since 1953 in Forest Landowner magazine 
(formerly Forest Farmer) using survey results from timber managers of both private and 
public forestland (Barlow and Levendis 2015). This source has traditionally provided the 
most substantial contribution to forestry cost information in the United States (Bair and 
Alig 2006). A list of these studies can be found in Appendix Table A1. 
The first trend analysis of this data, covering 24 years, occurred in 1982 and 
found forest practices costs rising substantially faster than both the price of lumber and 
the wholesale price index, suggesting that the cost of practicing forestry was outpacing 
inflation and any potential increase in the price of sawtimber (Moak 1982). In 1991, 
Dubois et al. conducted a study in which cost indices for nine commonly used forestry 
practices in the south for the years 1982-1988 were developed. In addition to creating 
simple price indices for each practice, the researchers developed a Southern Forestry 
Practice Cost Index (SFPCI) which provided a metric for tracking changes in forestry 
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practices costs as a conglomerate (Dubois et al. 1991), as well as a southern forestry 
employee wage index (SFEWI). The researchers used only data from private forestry 
firms, and found that both the SFPCI and SFEWI rose slightly slower than inflation, 
indicating that forestry costs were moderating. Fifteen years later, Bair and Alig (2006) 
concluded that the real cost of some major forestry practices used on private lands in the 
South had remained relatively constant between 1982 and 2002, with a few costs rising 
slightly. 
A variety of driving forces behind changes in forestry costs have been suggested 
in the past. Moak (1982) suggested that in the early years of the Forest Farmer survey 
the easier sites for practicing forestry had been utilized, and over time forest managers 
had to move on to more difficult, and thus, more expensive sites. Various authors have 
suggested that changes in both labor costs and fuel prices play a role in changes in the 
costs of forestry practices (Moak 1982, Straka et al. 1992, Bair and Alig 2006). A cost 
component breakdown was included for each practice in the cost studies until 1999, 
which suggested that labor was often the most significant cost component for many or 
most practices and equipment costs (which incorporated fuel costs) contributed 
substantially to the cost of mechanized practices such as site preparation (Moak et al. 
1980). Mills et al. (1985) found a significant relationship between forestry practices costs 
on national forests and the number of people employed by the contractors hired to 
complete the treatments, further demonstrating the relationship between labor costs and 
silviculture practice costs.  
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Recent research examining long-term trends in forestry practices costs and cost 
components is limited. Even less has been done to examine these trends without the 
influence of inflation. Finally, no forestry cost trend analysis representing a substantial 
timeframe as well as both private and public forest management costs has incorporated 
the use of a southern forestry wage-based index or an index representing a basket of 
southern forestry practices. Thus, the objectives of this study were as follows: 
1. Estimate the real average annual rate of change for the cost of nine major 
forestry practices in the South. 
2.  Establish a measure of the change in forestry practices costs as a whole in the 
South, creating a southern forestry practices cost index (SFPCI). 
3. Develop a southern forestry employee wage index (SFEWI) to estimate the 
change in forestry labor costs. 
4. Use the SFEWI, the diesel fuel price index (DFPI), and herbicide and fertilizer 
indices to determine correlations between forestry practices costs and variable 
cost inputs. 
METHODS 
Data Collection 
Cost data were compiled from all forestry practices cost studies published in 
Forest Farmer and Forest Landowner between 1982 and 2016. This data as dollar values 
and indices can be found in appendix Tables B1a through B2b. Additional practice 
specific cost data not used in this analysis can be found in appendix Tables B3a through 
B10c. The year 1982 served as the base year for all calculations and indices in this study, 
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due to limited reporting prior to then in the series for some practices and temporal 
inconsistencies in how the data were reported. Those same inconsistencies limited the 
data used in calculations to the overall average cost values for the nine practices 
analyzed. 
Values for the Producer Price Index (PPI) and the DFPI were obtained from the 
US Bureau of Labor Statistics (USBLS) for the corresponding survey years as a means of 
providing a comparison between practice costs and overall inflation and fuel price 
increases (USDL Bureau of Labor Statistics 2017a). Forestry wage data were obtained 
from the USBLS for average annual wages paid to timber tracts (SIC 0811 and NAICS 
1131) and forestry services (SIC 0851 and NAICS 1153) for 13 southern states, including 
Kentucky and Oklahoma, as an indicator of forestry employee wages (USDL Bureau of 
Labor Statistics 2017b). Wage data sets for 1982-2000 and 2002-2016 were combined to 
cover the relevant time period. Wage data representing both private and public entities 
were used to produce this index in order to correspond with the Forest Farmer/Forest 
Landowner studies, which published data provided by the full spectrum of southern 
timber managers. In order to further investigate changes in component costs for herbicide 
and fertilization practices, herbicide and fertilizer price indices were obtained from the 
National Agricultural Statistical Service (USDA National Agricultural Statistics 
Service2018a, USDA National Agricultural Statistics 2018b). These indices represent 
prices paid for agricultural herbicides and fertilizers and were only available starting in 
year 1990. 
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Data Analysis 
 Nominal and real average rates of change for each forestry practice cost and 
derived indexes were calculated using the standard equation for determining interest rate: 
                           𝑖 = [
𝑉𝑛
𝑉0
]
1/𝑛
− 1 
where 𝑖 is the annual rate of change, 𝑉𝑛 is the cost or index value in 2016, and 𝑉0 is the 
cost or index value in 1982, with 𝑛 equal to the number of years in the series (Bullard and 
Straka 2011). Real rate of change was calculated for the cost of each practice and derived 
index using the nominal rate of change for each practice and the inflation rate for the 
corresponding time period as follows: 
𝑟 =  
(1 + 𝑖)
(1 + 𝑓)
− 1 
where 𝑟 is the real rate of change, 𝑖 is the nominal rate of change, and f is the inflation 
rate (Bullard and Straka 2011).  
 The SFPCI was developed from eight major forestry practices; hand and machine 
tree planting were combined. This index, using methods developed in Dubois et al. 
(1991a), was based on an aggregate index of forestry practices that was weighted by the 
number of respective acres on which the practices were used for a base year. The cost 
base year for the index was 1982, while the weight base year was 1988. This type of 
index would be considered a Laspeyres index in that costs were weighted by their 
proportional contribution to the index; in this case the weight base year and cost base 
year differ due to the fact that acreage data is not available for 1982 (Dubois et al. 1991a) 
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and acreage data for some practices before 1988 was limited. The index was formulated 
as follows:  
𝑆𝐹𝑃𝐶𝐼𝑡 =  
∑ 𝐶𝑖,𝑡 ∗ 𝑄𝑖,𝑞
𝑛
𝑖=1
∑ 𝐶𝑖,𝑏
𝑛
𝑖=1 ∗ 𝑄𝑖,𝑞
 
where 𝑆𝐹𝑃𝐶𝐼𝑡 is the Southern forestry practice cost index for year 𝑡, 𝐶𝑖,𝑡 is the cost of the 
𝑖th forest practice in year 𝑡, 𝐶𝑖,𝑏 is the cost of the 𝑖th forest practice in cost base year 𝑏, 
and 𝑄𝑖,𝑞 is the number of acres on which the 𝑖th forest practice was used in the weight 
base year 𝑞. 
The SFEWI was also developed using the methods in Dubois et al. (1991a) and 
used wage data obtained from the USBLS. Average forestry wages for the 13 southern 
states, reported as wages paid for forestry services (SIC 0851 and NAICS 1153) and 
wages paid to timber tracts (SIC 0811 and NAICS 1131), were combined through a 
weighted average in order to estimate a value for the average forestry wage in the South 
for each year. The number employed at the average wage for each state for each year was 
used to weight the averages. These average wage values were then used to construct a 
simple index for which 1982 served as the base year. 
The DFPI and SFEWI were used to determine correlations between changes in 
forestry practices costs and changes in fuel price and labor respectively. To further 
investigate cost components for herbicide and fertilization practices, herbicide and 
fertilizer price indices were used to determine possible correlations between these 
practices and the prices associated with their principal inputs. Herbicide and fertilizer 
price indices were only available for years starting in 1990, therefore correlation analysis 
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was limited to years 1990-2016. Pearson’s correlation coefficient was used as a measure 
of correlation strength for all correlation analyses.  
To aid in the discussion of trends in the costs of forestry practices, it was desirable 
to understand trends in their use. To address this, the proportion of acres for which a 
practice was reported for a given year to the total number of acres reported for that year 
was calculated as a percent for the years 1988-2016.  
 
RESULTS  
Table 2.1 reports the average annual percent change in the cost of forestry 
practices in the South over a 34-year period. Forestry practices as a whole, as indicated 
by the SFPCI increased at an average rate of less than a tenth of a percent a year, 
indicating that forestry practices as a whole tend to track inflation. The slight downward 
trend in in the earl to mid-1980s differs from the trend illustrated by Dubois et al. (1991) 
however the authors also included some additional practices not included in the SFPCI in 
this study, and the trends in costs of some of the practices used for this earlier index differ 
from trends in costs reported in the Forest Farmer/Forest Landowner Studies. Some of 
this difference may be attributed to the use of only private forestry costs in the Dubois et 
al. (1991) study. 
 Figure 2.1 illustrates the real change in the SFPCI relative to that of the SFEWI 
and DFPI. The costs of all the practices rose in nominal terms and the costs of four 
practices rose in real terms. Controlled burning and timber cruising real costs increased  
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Table 2.1. Nominal and real average annual percent cost change for Southern 
forestry practices, 1982-2016. 
Practices Nominal cost change (%) 
Real cost  
change (%) 
Controlled Burning  5.64 3.75 
Herbicide Application 1.59 -0.23 
Timber cruising 4.77 2.89 
Timber marking 2.19 0.36 
Mechanical site preparation 0.63 -1.17 
Hand planting 2.71 0.87 
Machine planting 1.52 -0.30 
Precommercial thinning  3.52 1.66 
Fertilization 1.76 -0.06 
Southern forestry practice cost index 1.84 0.02 
Southern forestry employee wage 
index 
3.18 1.33 
Producer Price Index 1.83  — 
No. 2 diesel fuel price index 1.08 -0.73 
 
 
Figure 2.1 Change in the SFPCI, SFEWI, and DFPI net of inflation, 1982-2016. 
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the most, while precommercial thinning also showed a notable increase, followed by the 
cost of marking trees for harvesting. The real cost of all other practices remained 
relatively steady or declined slightly. The real cost of mechanical site preparation 
decreased the most; given the importance of the base year in determining the average rate 
of change, it is necessary to mention the possibility that the average in 1982 was  
weighted towards more intensive, and thus more expensive treatments. For instance, the 
average in 1982 was at least 17 percent higher in nominal terms than the average costs 
reported over the course of the next four studies, and though fuel prices did decrease 
during this period, it is unlikely that their impact was that dramatic. Straka and Watson 
(1985) noted that the survey methods changed how mechanical site preparation was 
reported beginning in 1984 to increase the survey’s accuracy, suggesting this value may 
have been overstated in 1982. Likewise, the reported average for herbicide application in 
1984 was over 59 percent higher than in the preceding survey, likely due to transitions in 
the survey that encouraged reporting of more chemically intensive treatments. This 
suggests that the rate of herbicide application cost decrease may have been understated. 
Figure 2.2 uses simple indices to illustrate real changes in cost from 1982 to 2016 for 
selected forestry practices, including mechanical site preparation and herbicide 
application.  
 Real costs of forestry labor as indicated by the SFEWI rose steadily (Figure 2.1), 
corresponding to increases in the costs of all the practices for which the labor component 
traditionally dominates. Other mechanically intensive practices that logically would incur 
substantial fuel costs, such as machine planting, fertilization, and herbicide application, 
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also declined. Precommercial thinning can be mechanically intensive; however, past cost 
trends studies have stated that most of the thinning reported was done without heavy 
equipment.  
 
Figure 2.2. The real cost of controlled burning, herbicide application, 
mechanical site preparation, and hand planting in the South, 1982-2016. *Hand 
planting costs assume 600 trees/acre. 
   
Correlation analysis indicated a moderate to strong relationship between labor 
and/or fuel costs and changes in certain forestry practices costs. The correlation  
 coefficients for these results are listed in Table 2.2. The SFPCI was correlated with labor 
costs, as indicated by the SFEWI, as well as diesel fuel prices. The costs of all practices 
except herbicide application were moderately to strongly correlated with forestry wages, 
while correlations with diesel fuel were less, though still substantial in some cases. Hand 
planting and controlled burning had the strongest correlations with the SFEWI, while 
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fertilization and machine planting had the strongest correlations with diesel fuel prices. 
Despite the fuel-intensive nature of mechanical site preparation, the practice showed a 
surprisingly low correlation with diesel fuel prices. Fertilization showed a strong 
correlation with agricultural fertilizer prices; herbicide application did not show a logical 
correlation with agricultural herbicide prices. 
 
Table 2.2. Pearson’s correlation coefficient values for correlations between 
forestry practices costs and the SFEWI, diesel, herbicide, and fertilizer price 
indices. 
Practices SFEWIa Diesela Herbicideb Fertilizerb 
Controlled Burning  0.90 0.79 — — 
Herbicide Application -0.25 -0.52 -0.52 — 
Timber cruising 0.73 0.60 — — 
Timber marking 0.62 0.70 — — 
Mechanical site preparation 0.60 0.51 — — 
Hand planting 0.96 0.83 — — 
Machine planting 0.81 0.88 — — 
Precommercial thinning  0.61 0.19 — — 
Fertilization 0.84 0.89 — 0.92 
Southern forestry practice cost 
index 
0.80 0.69 
— — 
aData corresponds with years 1982-2016 
bData corresponds with years 1990-2016 
 
 Correlations between traditionally labor intensive practices and forestry wages are 
intuitive. The same is true for the costs of mechanically intensive practices such as 
machine planting and diesel prices. The correlation of practices not typically associated 
with fuel-dependent machines, such as hand planting with fuel prices, may also be logical 
given the amount of travel necessary to move personnel and labor to and from remote 
sites. 
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 Trends associated with the acreage represented in some survey results is reflected 
in the practices of controlled burning and timber marking which have shown general 
declines in the acres reported. Fertilization and herbicide use have shown notable 
increases in acres represented by the survey. These trends are illustrated in Figure 2.3. 
Figure 2.3. Trends in the relative reported acres on which controlled burning, 
herbicide application, fertilization, mechanical site preparation and timber marking 
were used, 1988-2016. 
 
DISCUSSION  
That only some practices costs have continued to increases in real terms can be 
attributed to a variety of factors, including fuel prices, labor costs, and other variable cost 
inputs, derived demand for forestry practices, and even policy decisions. These factors 
operate on both a macro-level in which they influence the cost of forestry practices in the 
South as a whole, as well as a micro-level in which they influence the cost of individual 
practices. For this reason, discussions of these factors and their influences on a scale that 
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encompasses the overall cost of practicing forestry as well as on individual practice 
scales, is appropriate.  
SFPCI 
The SFPCI provides insight into macro-level changes to the cost of practicing 
forestry in the South. Though trends suggested by the SFPCI indicate little increase in the 
cost of forestry practices as a whole and over the long-term (Figure 2.1), it is important to 
interpret the periodic changes in cost that the index represents, and to further examine the 
large-scale economic factors that influence these changes. While it is known that labor 
costs and fuel prices influence the cost of practicing forestry, other factors related to 
supply of and demand for these practices likely influence overall forestry practices costs. 
 The beginning of the 1980s were a time in which fuel prices and associated 
equipment costs dominated practices cost increases (Moak et al. 1980). As energy prices 
dropped through the 1980s and labor costs moderated towards the end of the decade, the 
trend was towards a decline in costs. These cost declines culminated with the recession of 
the early 1990s, when demand for forestry practices decreased, leaving an oversupply of 
contractors. However, as the price of softwood lumber skyrocketed in the mid-1990s 
(Figure 2.4), driven by escalating new home construction, so did the demand for the 
practices required in growing lumber. This demand, coupled with increasing forestry 
labor costs, likely drove cost increases throughout the 1990s. These costs peaked in the 
early 2000’s, but their drop by 2004 may have been a result of a small decline in forestry 
labor costs as wells as lower demand caused by increased uncertainty in the forestry 
market (Smidt et al. 2005). 
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Figure 2.4. Softwood lumber and paper products indices, net of inflation, 1982-2017 
(Data Source: USDL Bureau of Labor Statistics 2018). 
 
This uncertainty likely resulted from the short economic downturn in late 2002 
and 2003, as well as uncertainty in the future of forestry that accompanied the transition  
of land formerly managed by integrated forest products companies to institutional 
investors (Smidt et al. 2005). At that point lumber prices were at a lull and the price for 
paper products had begun to decline. The decline in forestry practices demand, driven by 
this uncertainty, may have remained through 2004 despite relatively high lumber prices; 
Costs again increased until 2008 when diesel fuel prices were at an all-time high. Lumber 
prices sharply declined following the economic downturn of 2008; given the relatively 
mild change in costs, it is unclear to what extent this affected woodland services over the 
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next few years. It is possible that a slight increase in the price of paper products during 
this time (Figure 2.4) bolstered demand for forestry practices.   
Demand for timber products driven by a recovering economy and continued 
increases in fuel and labor costs may have raised forestry practices costs for several years 
following the initial economic downturn; fuel prices began a sharp decline after 2012, 
being partially responsible for the sharp decline in reported forestry costs in 2014. Survey 
responses for 2014 were also markedly low and may not have been entirely 
representative of a broad range of forestry practices users. Reported costs in 2016 likely 
reflected more average cost levels. These costs represented the effects of relatively stable 
demand for forestry practices and affordable fuel prices.  
Though current trends associated with recent housing starts do not indicate that 
new construction will return to pre-recession levels soon, demand for forestry practices 
may remain steady as housing starts remain steady, as foreign markets for wood pellets 
continue to grow (Junginger et al. 2017), and as pulpwood consumption continues for the 
production of the paperboard, packaging, and sanitary products that remain a part of 
everyday life. New markets for sawtimber-size trees such as cross-laminated timber 
production may provide additional incentive to manage southern forestlands for the 
production of lumber-based timber products. 
Assuming these trends continue, including a stable demand for timber products 
and relatively stable fuel prices, the SFPCI suggests that the cost of intensive silviculture 
as a whole may not become markedly more expensive. Additionally, practices that 
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continue to decline or remain steady in price could be substituted in some cases for, or 
offset the cost of, practices that continue to become more expensive. 
Controlled burning 
Controlled burning is an example of a practice cost which could be impacted by 
policy decisions. Though prescribed burning costs had a strong correlation with 
increasing forestry wages, the cost of controlled burning has increased substantially faster 
than forestry wages. Other factors must surely be driving up these costs. There is no 
doubt that over the years increased liability, as well as regulation regarding smoke 
management has played a role in cost increases (Dubois et al. 2001). Even as states have 
developed certified burner laws that specifically recognize the benefits of prescribed 
burning in addition to setting up a framework that allows for an operational level of risk 
for burners (Yoder et al. 2003), it can take considerable cost to obtain the proper 
certifications, permits, insurance, and to deal with any claims brought against the burner. 
As increased legislation and regulation developed around controlled burning, in addition 
to expanding alternatives to the practice and increased liability costs, some industrial land 
managers in the 1990s planned to decrease the amount that they burned (Haines and 
Cleaves 1999). This overall decrease in burning is supported by the decline in the 
percentage of acres reported as a part of the cost surveys (Figure 2.3).  
The costliness of controlled burning due to planning, regulation, and liability 
issues could be magnified as urban and suburban areas continue to encroach on managed 
forests (Yoder et al. 2003). Due to these factors, for those primarily interested in a means 
of competition control, it may be that chemical treatments replace burning in some cases. 
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For instance, though controlled burning still costs less per acre than herbicide 
applications, the liability associated with burning and the potential necessity of multiple 
burns to achieve similar results (Wigley et al. 2002), combined with the decreasing cost 
of herbicide application, could make herbicide use a more attractive investment. 
However, increasing attention is being brought to the ability of controlled burning to 
satisfy multiple objectives including, ecosystem restoration, fuel reduction, and wildlife 
habitat improvement. For these reasons, controlled burning will remain an important tool 
for some landowners, and given the increasing costs, cost-share and state burning 
assistance may play a significant role in maintaining the viability of the practice.  
Hand and Machine Planting 
That the practice of hand planting had the strongest correlation with forestry 
wages is logical due to the inherent labor intensiveness of the practice, and given the 
increase in forestry wages, this correlation may explain the increase in hand planting 
costs. The way in which labor costs influence this increase in cost is primarily related to 
the increase in use of containerized seedlings. Though these seedlings can allow for more 
successful plantings, data indicate that they are more expensive to plant. The cost of 
planting containerized seedlings was first reported in 2006 and has been reported ever 
since, and it is likely that the increased use of these seedlings is raising the overall 
average cost of hand planting in the South. Both the initial cost of planting containerized 
seedlings as well as their long term financial benefits, are generally taken into account 
when they are planted and thus any increase in overall average Southern planting costs 
due to the use of these seedlings may not be an indicator of prohibitive trends in planting 
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costs. It may indicate that in order to fully maximize the value associated with the use of 
containerized seedlings, efficiencies in labor use should also be maximized.  
 Machine planting costs have been responsive to fuel costs. This is not surprising 
given the practice’s use of mechanical equipment. As diesel fuel prices during the 1980s 
declined, costs decreased or changed little through that decade and the mid-1990s, 
relative to costs in the early eighties. However, as diesel fuel prices started to rise in the 
late-1990s, so did the costs associated with machine planting. The highest costs 
associated with machine planting occurred in 2012, a year in which diesel fuel prices 
were the second highest they had been for any study year. As diesel fuel price declined 
following 2012, so did machine planting costs. Like nearly all forestry practices, 
increasing labor costs have always impacted machine planting costs and it is likely that 
more efficient machinery and planting methods has allowed for some resiliency against 
both labor costs and fuel prices.  
 There have also been a number of policy factors that have likely lead to increasing 
planting costs. Tree planting in the South peaked in 1988 in response to the Conservation 
Reserve Program and a 1996 expansion in the program created an additional increase in 
acres planted between 1996 and early 2002 (Figure 2.5) (Hernandez 2012), a time which 
also experienced rising planting costs. Planting costs reported for 1988 rose over 12 
percent from 1986 due to an increased demand for planters given the large number of 
acres planted during the period (Straka et al. 1989). Another policy factor that may have 
tipped the balance of supply and demand for planting was an expiration of the returning 
worker exemption to the H-2B temporary worker cap maximum in 2008 (Barlow et al. 
 24 
2009.) Tree planting in the South depends heavily on the use of immigrant labor and any 
shortage of available labor from this policy decision likely allowed contractors who had 
adequate labor supplies to charge more for their services.  
  
 
Figure 2.5. Acres planted in the South, 1982-2016 (Data Sources: Hernandez  
       et al. 2016a, 2016b, 2017). 
 
In addition to increasing forestry wages, the ability to plant trees in an 
economically viable manner will depend on policy regarding the allowance of temporary 
workers, the availability of cost-share assistance, and the price of fuel. Capital 
substitution for labor may also play a role in mitigating costs. For example, technological 
development may aid in mechanical planting efficiency and may increase the efficiency 
of hand planting through the use of equipment that marks and/or tracks tree planting rows 
while simultaneously applying herbicide and/or fertilizer (Taylor et al. 2006).  
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Herbicide Application 
Because the analysis revealed a lack of expected correlations with labor, diesel 
fuel, or agricultural herbicide costs, herbicide application costs require further 
investigation into some of the driving characteristics behind their change. Despite the 
lack of expected correlation with the agricultural herbicide index, chemical costs have 
been noted as making up the most substantial portion of herbicide application costs 
(Straka et al. 1989, Belli et al. 1993, Dubois et al. 1991b,) and these chemical costs have 
been affected by policy decisions in the past. Supply factors that likely affected the cost 
of forestry chemicals in the past have been the restriction of 2,4,5-T for forestry use in 
1979 (Fox et al. 2007). This trend in cost increase was magnified by the increase in use of 
chemical-intensive broadcast herbicide applications, while a subsequent moderation in 
cost towards the end of the decade was attributed to the labeling of new chemicals for 
forestry use through the mid-1980s and early 1990s (Dubois et al. 1991b, Fox et al. 
2007). This was followed by an additional decrease in costs due the expiration of patents 
on some herbicides in the early and mid-2000s (Woodburn 2000, Lunsford 2018), that 
has opened the door for their generic production. This support for the relationship 
between herbicide application costs and the cost of the herbicides themselves in literature 
may indicate that indices for agricultural herbicides may not be sufficient replacements 
for those that would deal specifically with forest herbicides. Support for this notion is 
also provided by the fact that, aside from glyphosate and 2-4-D, the index used for this 
study represented a suite of herbicides more commonly used in agriculture than in 
forestry.  
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Development of herbicide application technology has also undoubtedly influenced 
costs. The incorporation of geospatial data, advanced variable rate spray nozzles, and 
generally more efficient spray equipment has enabled herbicide to be applied in a more 
site specific manner that limits waste by ensuring no more or less herbicide is used than 
necessary, while also saving time and minimizing environmental concerns (Taylor et al. 
2006). Given the availability of new herbicide products and application techniques, it 
may be research and development that ultimately dictates the cost of forestry herbicide 
application. Barring any policy shock that may put additional restrictions on the use of 
forestry herbicides in the South, a trend in declining costs as well as an increasing 
percentage of forest acres reported on which herbicide has been applied, indicates that 
herbicide application will remain an important tool used by foresters in the production of 
the South’s timber supply and the management of its wildlands. 
Timber cruising and marking  
Timber cruising and marking practices are inherently labor intensive, and given 
steadily increasing forestry wages, these practices may continue to increase in cost. In the 
case of timber cruising, as the use of technology increases efficiency, there may be a 
point when cost savings are passed on to landowners. This technology includes the use of 
GIS, GPS, remote sensing, and computer-based data recorders that can reduce the time 
spent in the field. In the case of timber marking, allowing loggers to select the trees to be 
removed in thinning operations based on a forester’s prescription for the stand allows for 
increased efficiency and less cost passed on to the landowner. Given that survey results 
indicate that there is a general downward trend in the proportion of acres on which timber 
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marking is taking place, foresters and landowners may already be taking advantage of 
operator-select thinning methods. This decline in acres marked may also reflect a trend 
towards overall shorter rotation lengths with fewer thinnings. Additionally, encouraging 
logger training which incorporates thinning guidelines, techniques, and intent could lower 
the need for tree marking services.  
Mechanical site preparation 
Further investigation is necessary to understand the relatively low correlation 
between published mechanical site preparation costs and diesel fuel costs. Given that 
costs associated with diesel fuel prices had become a barrier to affordable mechanical site 
preparation practices during the late 1970s and early 1980s (Moak 1980) it is likely that 
early on it was recognized that these practices would have to evolve in order to remain 
viable during periods of high fuel prices. Through the development of more efficient 
machines and site preparation techniques, it is logical that mechanical site preparation 
costs could remain steady or decline in cost, regardless of fuel prices. For instance, the 
development of attachments such as the 3-in-1 plow that can accomplish multiple 
objectives in a single pass, which lessen the use of fuel and operator time, have likely 
lessened the expense associated with mechanical site preparation (Dubois et al. 1997).  
Shifts in demand for mechanical site preparation practices have also affected their 
cost. For instance, it has been noted that significant moderation in costs in the late 1980s 
and early 1990s may have been due to an over-abundant supply of contractors resulting 
from many landowners switching to chemical site preparation (Dubois et al. 2001). 
Evidence for this increase in herbicide use can be supported by the percentage of acres 
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reported in the Forest Farmer/Forest Landowner studies as having herbicide applications 
has shown a general increase while acres on which mechanical site preparation was used 
have remained relatively steady (Figure 2.3). In addition to declines in demand for 
mechanical site preparation brought about by substitution with other practices, Smidt et 
al. (2005) speculated that many contractors using mechanically intensive methods may 
had borne the cost of increased fuel prices in order to remain competitive during a period 
of lower demand brought on by an increasingly scrupulous forestry market.  
Due to increased efficiency from innovations and possibly the necessity for 
contractors to occasionally incur additional costs in order to stay in business during more 
economically challenging times, changes in costs associated with mechanical site 
preparation practices have not been as dependent on fuel prices as one might think. 
Additionally, mechanical site preparation has likely become less desirable in when 
chemical site preparation can achieve similar if not better results. The real cost of 
mechanical site preparation has not increased. This suggests mechanical site preparation 
may remain a viable tool when herbicide application alone is not sufficient in 
accomplishing silvicultural objectives. 
Precommercial thinning 
Precommercial thinning is a less common practice in the South (Dubois et al. 
1999) and this is reflected in the fact that it makes up the smallest proportion of acres 
reported in the cost studies. It is a practice that has experienced considerable cost 
fluctuation over the years, and a steady to upward trend in cost through the 1980s and 
1990s, possibly in response to the general demand for forest practices at the time. Up 
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until the most recent cost study, it had been experiencing a general downward trend in 
cost since the beginning of the new century. This decline in cost may be due to a general 
lack of demand, but given the increase reported in 2016, on average the practice’s cost 
trend has been a real increase since 1982. 
 Increasing costs for this practice are unlikely to affect large corporate landowners 
in the South who rely primarily on stocking control through planting and commercial 
thinnings. However, family forest owner and others who are managing naturally 
regenerated stands may be affected by these cost increases. Fortunately, there is a number 
of cost-share programs that help landowners shoulder the burdens of these costs. 
Precommercial thinning follows the trend for controlled burning and tree planting in the 
sense that cost share assistance will remain important in helping smaller landowners use 
these practices to achieve a diverse set of forest management objectives. 
Fertilization 
That fertilization practices costs were correlated with forestry wages, diesel fuel 
prices, and fertilizer prices is logical given that all forestry practices are somewhat labor 
intensive (Belli et al. 1993), the mechanical nature of the practice (as well as the fact that 
fertilizer prices are highly correlated with diesel fuel prices), and that fertilizer costs are 
the main component of fertilization costs (Belli et al. 1993). Though labor costs and fuel 
prices undoubtedly affect the cost of fertilizer applications, fertilizer costs themselves are 
likely the driving force behind fertilization cost change. A large spike in fertilizer prices 
drove up the cost of fertilization in 2008. Both fertilizer prices and fertilization costs have 
since moderated. The impact of fertilization practices on timber management profitability 
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will depend on fertilizer price trends. As in herbicide application, the development of 
more efficient application techniques and equipment has likely helped to keep costs 
down, and the development of precision application will likely play a larger role in 
ensuring optimal fertilizer applications in the future (Taylor et al. 2006).  
 
CONCLUSION 
 
 Understanding the costs associated with practicing forestry is important in 
assessing the potential risk and reward of any forestry investment. As important as it is to 
have this cost data available to land managers, it is perhaps as important to understand the 
trends associated with changes in the costs of these practices. Predictions regarding the 
future capital necessary to invest in forestry practices can be made more accurate or at 
least better assessed through understanding past cost trends and the forces driving them. 
Through analyzing published cost data, one can draw some general conclusions regarding 
how the cost of specific forestry practices change in relationship to general price change, 
and whether intensive forestry is going to be harder to profit from in the future.  
Though the real cost of intensive forestry practices as a whole has changed little 
on average over the last 34 years, the real individual costs of several highly labor-driven 
practices have increased, indicating that the need for some small-scale producers to use 
cost-share assistance for certain practices such as precommercial thinning and/or 
prescribed burning may grow. Assuming favorable policy decisions and a stable market, 
past changes in forestry practices have demonstrated that improved technology and more 
efficient operations can allow for continued affordable silviculture in the South.    
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The relationships between the costs of forestry practices and labor, fuel, and other 
variable costs have been described in the literature and we have shown that the use of 
correlation analysis can be useful in some cases to strengthen the evidence of these 
relationships.  Though trends in labor costs and fuel prices influence change in the cost of 
forestry practices, other important market factors, like changes in forest management 
technology, changes in the forestry industry, and the demand for forest products likely 
play important roles as well. 
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CHAPTER 3 
ANALYSIS OF THE EFFECTS OF COST TRENDS ON THE FINANCIAL 
VIABILITY OF UPLAND LOBLOLLY PINE MANAGEMENT 
 
 
INTRODUCTION 
 
It has been shown that up-front costs and timber price expectations can contribute 
substantially to family forest owners’ regeneration decisions (Brooks 1985, Royer 1985, 
Hydberg and Holthausen 1989) and it is logical that this same concept might apply to any 
production-based timber management decision. Analysis in the previous chapter of this 
thesis revealed that, though on average, the overall cost of practicing forestry in the South 
did not change in real terms between 1982 and 2016, the costs of several individual 
practices did. It is worth understanding how similar cost trends in the future might 
influence the current and future valuation of forestry investments, as not accounting for 
expected appreciation or depreciation in cost will result in improper valuation of timber 
rotations if timber prices do not change proportionally. 
DCF analysis is a common tool used by foresters to determine the financial 
feasibility of a given forestry investment and net present value (NPV) is one of the most 
common approaches (Straka 2007). NPV is defined as the total discounted revenue, net 
of all discounted costs (Bullard and Straka 2011), and is calculated using the following 
formula: 
𝑁𝑃𝑉 =  −𝐶𝐹0 +  
𝐶𝐹𝑡1
(1 + 𝑟)𝑡1
+
𝐶𝐹𝑡2
(1 + 𝑟)𝑡2
+ ⋯
𝐶𝐹𝑛
(1 + 𝑟)𝑛
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Where 𝑟 is the real discount rate, 𝐶𝐹0 represents the initial investment, 𝐶𝐹𝑡 represent a 
revenue or cost in a given year 𝑡 after the initial investment, and 𝐶𝐹𝑛 is the final harvest 
revenue at rotation age 𝑛. For costs and revenue streams occurring in the future, one may 
have to speculate as to what these values will be or assume that current costs and timber 
prices will remain stable over the course of the investment. However, previous analysis 
has demonstrated some general trends in costs that may prove useful in evaluating timber 
investment alternatives.  
Addressing the possibility of future changes in forest valuation due to changes in 
forest practices costs requires understanding past trends in the costs of these practices, 
what affects these trends, and how these trends can be used for cost prediction. 
Additionally, it may be beneficial to simulate these cost changes in conjunction with a 
variety of feasible forest management scenarios in order to assess what combination of 
practices might provide for the highest valued rotations. Therefore, the objective of this 
chapter was to analyze the comparative financial viability of loblolly pine plantation 
management under various management regimes and to simulate and analyze the effects 
of changing costs of forestry practices on these regimes over time using DCF analysis 
and assuming average rates of past cost change.  
METHODS 
 
Management scenarios and yield modeling 
 
The management scenarios in this study were comprised of common practices 
used for timber rotations geared towards the production of loblolly pine sawtimber. The 
practices for which costs occurred and their timing within the rotation are listed in Table 
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3.1. Ptaeda 4.0 (Burkhart et al. 2008) growth and yield simulation software was used to 
simulate the yields produced by each management regime. This software was chosen due 
to its prevalent use in the literature and its ability to simulate the effects of various site 
preparation techniques, as well as varying levels of hardwood competition. Mechanical 
site preparation techniques were simulated in Ptaeda by specifying shear, pile and disk, 
and chop and burn options available for site conditions. Additionally, levels of hardwood 
competition for each site preparation technique were specified using values for percent 
hardwood basal area from Borders (2004), which tracked loblolly pine plantation growth 
and yield as well as levels of hardwood competition for the site preparation techniques 
specified in Table 3.1, over an eighteen-year period. Burn only and herbicide and burn 
site preparation were simulated solely by specifying hardwood competition levels 
corresponding with those in Borders (2004).  
For management regimes which included hardwood chemical release and 
fertilization, mid-rotation release treatments for the reduction of hardwood competition 
and wildlife habitat improvement were simulated in the year in which the first thinning 
occurred by reducing hardwood competition by 80%. Fertilization was specified in the 
year following the first thinning, receiving 200 lbs of nitrogen per acre, plus 
phosphorous. In order to represent a site of average quality, the default site quality of fair 
(SI=62 ft at base age 25 yrs.) was specified for all scenarios. 
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Table 3.1. Pine plantation management regimes and cost incurring 
practices. 
Management 
regime 
Establishment 
treatment 
Thinnings 
Other 
intermediate 
treatments 
Harvest 
1 
burn only; 
plant 
cruising 
and 
marking 
 cruising 
2 
chop and 
burn; plant 
cruising 
and 
marking 
 cruising 
3 
shear, pile 
and disc; 
plant 
cruising 
and 
marking 
 cruising 
3a 
shear, pile 
and disc; 
plant 
cruising 
and 
marking 
woody release 
at 1st thinning 
and 
fertilization in 
the next year 
cruising 
4 
chop, 
herbicide, 
burn; plant 
cruising 
and 
marking 
 cruising 
4a 
chop, 
herbicide, 
burn; plant 
cruising 
and 
marking 
woody release 
at 1st thinning 
and 
fertilization in 
the next year 
cruising 
5 
herbicide and 
burn; plant 
cruising 
and 
marking 
 
cruising 
5a 
herbicide and 
burn; plant 
cruising 
and 
marking 
woody release 
at 1st thinning 
and 
fertilization in 
the next year 
cruising 
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First thinnings were conducted after the basal area exceeded 110 ft2/acre and 
reduced basal area to 70 ft2/acre using a combination of fifth row and low thinning. 
Second thinnings were specified after basal areas exceeded 110 ft2/acre and were reduced 
to 70 ft2/acre using a low thinning. These thinning specifications represent common 
practices for thinning loblolly pine plantations in the South (Harrington 2001, Pohlman 
2016) and ensured that an economic operable volume of at least 16 tons/acre of 
merchantable wood was removed during each thinning. This volume restriction has been 
considered to be the minimum to be removed in a thinning in order to successfully 
procure a logger to undertake the operation (Harrington 2001, Huang et al. 2005, Demers 
et al. 2016). Final harvests were conducted at year 35 for all scenarios. This rotation 
length is consistent with typical loblolly pine sawtimber rotations in the South which 
often range between 25 to 40 years (Cunningham et al. 2008, Demers et al. 2016). A 
fixed rotation length was chosen rather than using economical optimal rotation lengths in 
order to more directly compare rotation valuation change under various cost and price 
scenarios and interest rates. 
Economic analysis 
 
Costs and rates of cost change 
 
Practices costs were obtained from Maggard and Barlow (2017) and represent 
average costs for southern forestry practices reported for 2016. These are presented in 
Table 3.2. Seedling costs were obtained from the South Carolina Forestry Commission 
(2018a). For simplicity sake it was assumed that property taxes were offset by a hunting 
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lease, and all costs or fees associated with administering timber sales other than those 
associated with cruising and marking timber were not included in the analysis. 
 Real annual rates of change for costs were determined between the above 
specified costs for 2016 and those for 1988 (Straka, et al. 1989) and are also presented in 
Table 3.2. The year 1988 was chosen as this was the first year in the cost trends studies 
that provided costs specifically for chemical site preparation and chemical release. Due to 
the specificity provided in the 1988 and 2016 studies, cost change rates for drum 
chopping (reported as drum chopping in 1988 and single pass mechanical treatments in 
2016), chemical site preparation, site preparation burns, chemical release treatments, and 
tree marking for thinning plantations were determined for those specific practices. The 
rates of change for all other practices were determined using the cost values associated 
with the overall average for all practices in that practice category (i.e. all fertilization, all 
timber cruising, etc.). 
Table 3.2. Base year costs and rates of cost change for silvicultural 
practices for analysis of timber rotation valuation change. 
Practice Cost ($/acre) 
Real annual cost 
change (%) 
Hand planting bareroot seedlings 43.56a — 
Seedlings 35.00 — 
Roller chopping 105.73 -0.24 
Shear, pile, disc 252.09 0.04 
Site prep. burn 28.94 1.97 
Chemical site prep. 78.96 -1.89 
Mid-rotation release 62.12 -0.49 
Fertilization 97.03 0.46 
Timber marking 33.77 1.88 
Timber cruising 10.64 2.07 
 a$0.08/seedling @ 545 TPA 
 38 
 
It is necessary to mention that these rates differ from those calculated between 
1982 and 2016 in Chapter 2 for the broader practice categories. This is to be expected 
given the change in base year, and that the rates of change for more specific practices are 
being calculated in this case. Regardless of the exact values used in this analysis, for the 
most part they still are reflective of the general trends described in that study. An 
exception to this is the trend (or lack thereof) in cost change for hand planting used in this 
analysis. Analysis in Chapter 2 indicates that overall hand planting costs have been 
increasing and further analysis revealed that real costs for hand planting bare root 
seedlings on cutover land has been slightly declining since 1988. However, changes in 
policy in 2015 regarding the payment of H-2B temporary workers may increase all hand 
planting costs (Brodbeck 2016). The extent to which the policy changed costs is 
unknown, as 2016 cost data did not indicate any increase in the cost of hand planting bare 
root seedlings, and the 2016 Department of Labor Appropriations Act states that 
currently no DOL funds shall be allocated to enforcing the rule (United States 
Department of Labor 2018b).  
 The prospect of continued declines in hand planting costs may be dubious; 
however, cost increases as a result of this policy would likely stabilize after the necessary 
compliance measures were fully understood and in place by contractors. Additionally, 
there is the possibility that manual tree planting practices could become more efficient. 
Literature describes the use of machinery that clearly marks planting rows and/or 
individual tree locations while simultaneously performing chemical site preparation 
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and/or fertilization, GPS systems that have the potential to monitor the productivity of 
hand-planters, and the potential to adjust planting based on site quality (Taylor et al 2006, 
McDonald et al. 2008). For reasons regarding the unknown effects of recent policy 
regarding temporary worker wages, as well as the potential for more efficient manual tree 
planting methods in the future, no continuous hand planting cost change was simulated in 
this study. 
Additionally, fertilization costs in this analysis are slightly increasing while the 
trend in Chapter 2 was essentially no real change in costs. However, this trend of slightly 
increasing costs reflects a slight real average increase in fertilizer costs since 1990 
(USDA Nation Agricultural Statistics Service 2018a) and is likely reasonable.  
Prices 
 
Timber prices for this study were average prices for the South for 2016 as 
published in Timber-Mart South (Hood et al. 2017) and these prices along with product 
specifications appear in Table 3.3.  
Table 3.3. Timber products prices and 
specifications for analysis of timber rotation 
valuation change. 
Product Specifications 
Price 
($/ton) 
Sawtimber >=12in. DBH to 8in. top 24.73 
Chip-N-Saw >=9in. DBH to 6 in. top 17.13 
Pulpwood >=5in. DBH to 4in. top 10.17 
 
Financial criteria 
 
NPV was used in order to assess the value of the rotations for each management 
regime. For the purpose of this study, because it was desirable to assess the value of 
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single rotations established at different points in time (at the present and into the future) 
NPV was chosen over land expectation value (LEV), which is used to value forest land 
under the assumption of perpetual timber production. Additionally, because LEV is a 
direct function of NPV, trends in changes in LEV for a specific management regime 
would be proportionate to those for NPV. Internal Rate of Return (IRR) was also 
included with the modeled regimes. This criterion is commonly used to assess 
investments and provides the maximum annual rate of return one can expect to earn from 
an investment (i.e. judge acceptability), though it should not be used to rank investments 
(Bullard and Straka 2011). 
Simulating cost change 
Using the specified rates of cost change, NPV was calculated with and without 
cost change. This was first done for a base year (2016 costs) for which no year 0 cost 
experienced any change; however, any practice that occurred after year 0 was subject to a 
level of cost change reflective of the number of years after year 0 it occurred. For 
instance, planting and site preparation costs would incur no cost changes since they 
occurred in the initial cost base year (2016), however a timber marking cost at year 15 
would be subject to 15 years of cost change. This change in cost for a practice with the 
cost base year as the establishment year can be represented by the equation: 
𝐶𝑖𝑡 = 𝐶𝑖𝑏(1 + 𝑟𝑖)
𝑡 
 
where 𝐶𝑖𝑡  is the cost of the i
th practice in the year t that it occurs in the management 
regime, 𝐶𝑖𝑏is the cost of that practice in the cost base year (2016 cost value), and r is the 
real average annual rate of change for the cost of that practice. 
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The investment year (year 0) was then moved forward one year at a time, with 
each movement incurring an additional year of cost change. For example, a forestry 
investment made with an establishment year that was three years after the cost base year 
would incur year zero establishment costs that were subject to three years of cost change, 
year 15 costs that were subject to 18 years of cost change, and year 30 costs that were 
subject to 33 years of cost change. The cost of a practice occurring in any management 
regime where the establishment year occurs after the initial cost base year can be 
represented by the equation: 
𝐶𝑖(𝑡+𝑛) = 𝐶𝑖𝑏(1 + 𝑟𝑖)
𝑡+𝑛 
 
where 𝐶𝑖(𝑡+𝑛) is the cost of the i
th practice at the year it occurs in the management regime, 
𝐶𝑖𝑏is the cost of that practice in the base year (2016 cost value), r is the real average 
annual rate of change for the cost of that practice, t is the year that the practice occurs in 
the management regime, and n is the number of years after the initial 2016 cost base year 
that the cost occurs. It is important to note that all costs and revenues for each regime at 
each point in time were discounted to the establishment year of that regime, rather than to 
the cost base year. 
Variations to the simulations 
 Costs associated with timber marking and cruising practices have increased. 
However, a skilled harvesting equipment operator could make thinning decisions without 
the use of timber marking. Additionally, the development of timber cruising techniques 
that rely more heavily on geospatial and remote sensing technology have the potential to 
lower timber cruising costs (Wynne 2004), and in fact, forest inventory-based remote 
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sensing products currently on the market guarantee substantial savings on forest 
inventory through the use of their technology (Silviaterra 2018). Therefore, in order to 
highlight contributions to overall costs and cost change, it was also desirable to simulate 
each forest management scenario without timber marking costs, and with the assumption 
of no increase in cruising costs. 
 Cost-share assistance can provide an important way for family forest owners to 
better profit from forest management. To demonstrate levels of increased profitability of 
the simulated rotations due to the use of cost-share assistance, NPV and IRR were also 
calculated assuming 40% cost-share assistance for practices covered under Forest 
Renewal Program (FRP) administered by the South Carolina Forestry Commission 
(South Carolina Forestry Commission 2018b). This cost-share assistance covered all 
practices except fertilization, timber cruising, and timber marking practices and it was 
assumed the mid-rotation chemical release would fall under the category of post-plant 
chemical application or timber stand improvement. 
 Though pine pulpwood prices have increased, prices for sawtimber and chip-n-
saw have remained depressed since the recession of 2008 (Hood et al. 2017). However, 
softwood lumber prices have been trending upward since this period and have recently 
reached record levels (USDL Bureau of Labor Statistics 2018a). Given the price of 
lumber, it is logical to infer that the stumpage prices might increase if a reduction in the 
current supply of standing timber is achieved. Therefore, timber rotation values were also 
calculated under the assumption of changing costs and timber prices increases at a real 
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rate of 0.5% annually. These changes in price were simulated in the same manner as 
changes in cost.  
 
 
RESULTS 
 
No cost change 
 
Results for management regime valuation assuming no cost change are included 
in Table 3.4. Regime 1 only included one thinning as hardwood competition slowed 
growth enough to prevent the stand from reaching the basal area requirement necessary 
for a second thinning. Management regimes 5a produced the highest NPV at 3% and 5% 
discount rates, while regime 4 produced the lowest NPV at 5% and regime 3a produced 
the lowest NPV at 7 %. Management regime 1 produced the lowest NPV using a 3% 
discount rate. The poor performance of regime 4 relative to other management intensive 
scenarios is likely attributed to the fact that the addition of herbicide to the chop and burn 
treatment was not effective at further reducing hardwood competition due to reduced leaf 
area to which herbicide was able to be applied following chopping (Zhao et al. 2007).  
 Despite the fact that rotations including intensive mechanical site preparation 
(regimes 3 and 3a) produced the most timber, the high up-front costs associated with 
these treatments did not allow for full financial realization of this production. Though 
little sawtimber was produced under regime 1, it produced the highest IRR, followed 
closely by regimes 5 and 5a. Table 3.5 also presents NPV and IRR values assuming the 
use of 40% cost-share assistance. Under this assumption, IRR for all management 
regimes improve and regimes 5 and 5a have the highest rates of return. Assuming the use 
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of cost-share assistance, landowners would likely be most attracted to these two regimes 
given both their higher IRR and NPV values.  
Table 3.4. Pine plantation rotation valuation (no cost change). 
Management 
Regime 
Discount 
rate 
Thinning/Rotation 
Age 
Pulpwood 
(tons/ac.) 
Chip-n-
saw 
(tons/ac.) 
Sawtimber 
(tons/ac.) 
NPV 
($/acre) 
IRR 
(%) 
1 3 22/35 34.3 52.1 4.2 475.02 8.7 
 5 22/35 34.3 52.1 4.2 205.32  
 7 22/35 34.3 52.1 4.2 64.29  
2 3 16/26/35 33.6 23.3 37.1 625.72 7.8 
 5 16/26/35 33.6 23.3 37.1 250.66  
 7 16/26/35 33.6 23.3 37.1 50.58  
3 3 15/24/35 32.9 13.9 55.9 617.83 6.7 
 5 15/24/35 32.9 13.9 55.9 196.22  
 7 15/24/35 32.9 13.9 55.9 -28.72  
3a 3 15/22/35 35.8 1.1 78.9 681.20 6.7 
 5 15/22/35 35.8 1.1 78.9 213.46  
 7 15/22/35 35.8 1.1 78.9 -31.10  
4 3 16/26/35 33.3 23.3 38.1 559.04 6.7 
 5 16/26/35 33.3 23.3 38.1 178.57  
 7 16/26/35 33.3 23.3 38.1 -24.43  
4a 3 16/23/35 40.2 4.3 65.4 627.58 6.7 
 5 16/23/35 40.2 4.3 65.4 199.49  
 7 16/23/35 40.2 4.3 65.4 -24.07  
5 3 16/26/35 35.7 15.4 44.4 709.40 8.5 
 5 16/26/35 35.7 15.4 44.4 311.04  
 7 16/26/35 35.7 15.4 44.4 97.77  
5a 3 16/26/35 41.3 2.6 67.1 750.00 8.4 
 5 16/26/35 41.3 2.6 67.1 316.87  
  7 16/26/35 41.3 2.6 67.1 90.19   
  
Table 3.5. NPV and IRR including the use of 40% cost-share assistance by management 
regime. 
  1 2 3 3a 4 4a 5 5a 
NPV @ 3% 506.40 701.95 723.79 808.95 666.84 731.64 770.00 829.20 
NPV @ 5% 235.89 325.32 300.64 338.83 281.46 298.62 371.64 391.14 
NPV @ 7% 94.33 124.20 74.65 92.52 80.77 71.49 158.37 160.90 
IRR (%) 9.7 9.3 8 8.3 8.3 8 10 10 
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Adding a mid-rotation chemical release and fertilization improved the financial 
performance of the regimes that included these practices at 3% and 5% discount rates. 
However, at a 7% discount rate the addition of these practices resulted in slightly lower 
NPV values compared to the values at 7% for regimes with the same site preparation 
method but no mid-rotation treatments.  Though studies have shown that mid-rotation 
woody release in stands with as little as 10% hardwood basal area can provide attractive 
returns on investments (Caulfield et al. 1999), in this analysis the use of chemical release 
was not cost effective at a higher discount rate, given levels of hardwood competition of 
5% to 8% of the basal area, and current low prices for sawtimber. Despite the decreasing 
cost of herbicide application, if approaching mid-rotation hardwood release purely from a 
timber production standpoint, care should be taken into assessing whether it will either be 
profitable on its own or necessary to reduce hardwood competition prior to fertilization 
(Dickens et al. 2003). 
Values for IRR demonstrated that low cost/management intensity (regime 1) 
could be desirable. However, because the rate of return would be on a relatively small 
initial investment, actual revenue earned would still be less than that for most of the 
regimes with more intensive treatments and larger investments. Also, given the IRR for 
management regime 5 is comparable to that of regime 1, there would be little reason to 
not at least perform an herbicide site preparation treatment in addition to burning. 
Cost change 
Changes in valuation due to cost changes are presented in Figure 3.1 at four 
establishment points 0, 5, 10, and 15 years after the cost base year. These values can also 
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be found in appendix Table C1. Though some management regimes included forestry 
practices with both increasing and decreasing costs, under the assumption of cost change, 
all scenarios demonstrated a decline in value. However, management regimes established 
after the base year that include herbicide application decreased in value at slower rates 
than those that did not. Since regime 1 did not contain costs associated with a second 
thinning, it declined the least assuming the regime is established in the cost base year. 
Simulating cost change did not change the ranking of the management regimes in terms 
of their comparative NPVs. 
Figure 3.2 presents the NPVs of these regimes under the assumption of no timber 
marking costs and constant timber cruising costs. These values can also be found in 
appendix Table C2. Under this assumption, all management regimes are more highly 
valued in the cost base year with cost change than without, since the “without” 
assumption still assumes the cost of timber marking. All management regimes that 
include herbicide treatment increase in value over time, with the rate increasing with the 
discount rate. Regimes without herbicide application still decrease in value, but at a much 
slower rate than they would have had marking costs and increasing timber cruising costs 
been included. Additionally, at a 5% discount rate management regime 4 would become 
comparable or greater in value as compared to management regime 1, and regime 4a 
becomes viable under a seven percent discount rate, with regime 4 eventually becoming 
viable assuming plantation establishment 10 years past the base year. 
The management regimes under the assumption of changing costs and increasing 
prices are presented in Figure 3.3. These values can also be found in appendix Table C3. 
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Figure 3.1. Net present value (NPV) of management regimes at successive 
establishment points (at the cost base year and 5, 10, and 15 years after the cost 
base year) given change in costs. 
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Figure 3.2. NPV of management regimes at successive establishment points (at 
the cost base year and 5, 10, and 15 years after the cost base year) given no 
timber marking costs and constant timber cruising costs. 
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Figure 3.3. NPV of management regimes at successive establishment points (at 
the cost base year and 5, 10, and 15 years after the cost base year) given cost 
change and real annual timber price increases of 0.5%. 
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Under this assumption, all scenarios would initially increase in value, despite changes in 
cost, and 3, 3a, 4, and 4a would become viable using a 7% discount rate. An increase of 
timber prices at 0.5% annually is substantial enough that even the value of regime 1 
would remain stable over time, despite having only practices increasing in cost. Further 
analysis indicates that breakeven points, a point at which the effects of timber price 
increases counteract the effects of cost increases for rotations valued in the base year, 
occurs at timber price increases of real rates of less than 0.2% annually, depending on the 
discount rate and regime. 
Discussion 
The results of this study imply that even though there is no indication that 
mechanical site preparation costs are increasing, their current costs make mechanical site 
preparation undesirable if the practice is not going to substantially lower planting costs 
while also improving soil structure and reducing hardwood competition. Rather, given 
the effectiveness of chemical site preparation in reducing hardwood competition and this 
practice’s current lower and decreasing costs, chemical site preparation is likely the most 
cost effective way to improve upland loblolly pine plantation growth. These implications 
support the transition to chemical site preparation that has occurred on upland sites 
throughout the South since the early 1990s (Lowery and Gjerstadt 1991, Fox et al. 2007). 
This analysis also indicates that levels of decline in herbicide application costs could be 
substantial enough to compensate for increases in controlled burning costs. This is 
highlighted in Figure 3.2 which shows that without increasing timber marking and 
cruising costs, the decline in herbicide application costs are enough to cause the 
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management regimes that include herbicide application to increase in value over time. 
This may be important for landowners and managers given that much of the cost 
increases that have come with controlled burning are a result of increasing liability and 
regulations, and that it may be difficult to mitigate these costs, especially given 
increasing development and human presence adjacent to timberlands (Yoder et al. 2003). 
This analysis indicates that using operator-select thinning practices and stable 
timber cruising costs would allow the regimes in this study to decline in value at lesser 
rate or even increase in value over time. However, for these assumptions about 
improvements in timber cruising technology ending any real increases in timber cruising 
costs, and for operator-select timber harvesting making timber marking costs obsolete, 
one must assume that any savings from increased timber cruising efficiency is passed on 
to the landowner. Additionally, operator select harvesting must be performed in a way 
that it protects the future integrity off the stand. It has been suggested that if there is any 
uncertainty about the ability of the logger to correctly select the trees to be removed, it 
will be worth the cost to mark the thinning (Dickens 2015).  
Evaluation of the management regimes under the assumption of changing costs 
and increasing timber prices reveals that even relatively slight real increases in timber 
prices will allow for increasing rotation NPVs. Given the assumption that sawtimber 
prices will increase in the relatively near future, past trends in the cost of the practices 
analyzed in this study, if carried into the future, will not contribute to a decline in the 
financial value of loblolly pine timber rotations. This importance of price change relative 
to cost change was demonstrated by Mendell (2018) who highlighted that changes in 
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price have a much more substantial effect on forestry investment valuation than changes 
in cost. These costs may however still impact landowner decisions regarding 
management intensity, particularly for costs that are incurred well before any revenue is 
made. For instance, as the cost of burning increases, landowners may become more 
reluctant to use the practice as part of site preparation, requiring them to plant sooner 
after harvesting before herbaceous and woody growth makes the logistics of planting 
much harder. Planting costs could also increase due to the level of logging debris on the 
site that may have been reduced through burning.  
Additionally, though increases in costs for practices such as controlled burning, 
timber marking, and timber cruising may not reduce the rotation values under the 
assumption of slightly increasing timber prices, they could still reduce profit potential. 
For example, analysis under the assumption of no timber price increases indicates that 
under management regime 5, the assumption of increasing marking and cruising costs 
reduces NPV when valued in the cost change base year by four to twelve percent 
depending on the discount rate, as compared to no cost change at all. When extrapolated 
over large acreages, these declines in value could add up to a substantial amount of 
money that could have been made had these costs not increased, even if increasing timber 
prices dilute the extent to which the effects of these increasing costs are felt.  
Finally, when evaluating the effects of the use of cost-share assistance for 
controlled burning, assuming 40% cost-share and given the current cost and cost 
increases associated with controlled burning, after only a few years, 40% of the cost of 
controlled burning will be greater than the current maximum per acre rate ($12/acre) for 
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South Carolina FRP cost-share assistance for controlled burning. This indicates that if 
controlled burning is to continue to be viewed as a valuable part of forestry site 
preparation in the South, agencies issuing cost-share assistance need to continue to 
evaluate current controlled burning costs net of inflation and raise the maximum rates if 
necessary. On the other hand, given the decreasing cost of herbicide application, less 
money could be allocated towards costs-share assistance for herbicide application over 
time, potentially allowing these resources to be reallocated towards controlled burning. 
Conclusion 
Though not always drastic, under the cost change assumptions outlined in Table 
3.2, this analysis has indicated a decrease in financial value over time for all management 
regimes used in this study, despite the fact that some regimes contain a combination of 
practices with both increasing and decreasing costs. However, the effects of these 
increases on regimes that incorporate chemical site preparation are much more moderate 
compared to regimes with other forms of site preparation. Trends associated with the 
decline in the cost of herbicide application, in combination with its effectiveness in 
reducing competition, will continue to make it the most economically sound choice for 
loblolly pine site preparation. Furthermore, the potential to use operator-select thinning, 
and to improve the efficiency of timber cruising through the incorporation of technology, 
could eliminate timber marking costs and mitigate increasing timber cruising costs, 
thereby reducing the costs of certain management regimes over time. 
Lastly, under the assumption of even slightly increasing real timber prices, 
changes in forestry practices costs could go unnoticed in terms of their impact on timber 
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rotation valuation. However, analysis net of price increases highlights the effects of these 
changing costs. In order to mitigate the loss of potential revenue, investment should be 
made into promoting logger training that highlights the importance of well-executed 
thinning operations, and firms should continue to invest in technology that reduces time 
spent timber cruising. Further study into the long-term cost effectiveness of marking trees 
for thinnings as well as understanding how and to what extent forestry firms pass on 
changes in timber cruising and marking costs to their clients would be useful.  
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CHAPTER 4 
ANALYSIS OF THE EFFECTS OF COST TRENDS ON THE NUMBER OF 
THINNINGS AND FINACIAL MATURITY OF LOBLLOY PINE PLANTATIONS 
 
INTRODUCTION 
 Optimal rotation of a timber stand can be determined via several criteria. These 
criteria include non-financial metrics such as the mean annual increment of the stand, but 
when the time value of money is involved, often a measure that uses financial 
performance is more appropriate. Examples of financial criteria used to evaluate harvest 
age are net present value (NPV), land expectation value (LEV), equivalent annual income 
(EAI), and internal rate of return (IRR) (Bullard and Straka 2011).  
LEV is one of the more common financial criteria for evaluating rotation age and 
is represented by the formula, 
𝐿𝐸𝑉 =
𝑁𝑃𝑉𝑛(1 + 𝑟)
𝑛
(1 + 𝑟)𝑛 − 1
 
where 𝑁𝑃𝑉𝑛 is the net present value at rotation age 𝑛 and 𝑟 is the real discount rate. The 
use of LEV as a financial criterion assumes perpetual timber production and that cost and 
prices associated with a timber rotation remain constant (Chang 1983). However, these 
are often unrealistic assumption. Many studies have addressed issues surrounding 
changing prices and costs (Chang 1983, McConnell et al. 1983, Nautiyal and Williams 
1990, Yin and Newman 1995, Chang 1998) and have demonstrated that increasing costs 
tend to lengthen rotations when rotation age is determined by maximizing LEV (Yin and 
Newman 1995). 
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The value of both costs and incomes associated with a given forest management 
investment are necessary to calculate these criteria (Pearse 1967). Chapter 2 of this thesis 
demonstrated cost changes for several forestry practices in the South and analysis in 
Chapter 3 of this thesis demonstrated that these trends could affect the values of 
management regimes with a fixed rotation length. However, this analysis did not examine 
the effects of changing costs on the profitability of common loblolly pine management 
regimes in the South. For instance, though first and second thinnings in pine plantations 
are generally sources of revenue, the fact that costs associated with marking and cruising 
timber for those thinnings are increasing could make regimes that use these practices less 
profitable over time. Also, given a general increase in management costs, these trends 
could be substantial enough to alter the optimal rotation age under a typical loblolly pine 
management regime. 
 In addition to changing costs, pine sawtimber prices in the South have decreased 
by a third since the recession of 2008 while pine pulpwood prices showed a real increase 
of over 20% between 2008 and 2016 (Hood et al. 2017). Given the state of stumpage 
prices in the South, it becomes logical that some landowners may benefit from growing 
smaller diameter trees over the course of shorter rotations (Frey 2015), which inevitably 
means fewer thinnings. Frey (2015) used a discounted cash flow model to determine the 
most economically appropriate number of thinnings (0, 1, or 2) and rotation length under 
various timber price and discount rate assumptions. Frey (2015) found that the same 
number of thinnings remained the most profitable for each discount rate under both the 
assumption that current prices prevail and that prices return to pre-recession levels. Under 
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these assumptions the number of thinnings decreased from two, to one, and then to zero 
as the discount rate increased from 5%, to 10%, and then to 20%. However, Frey (2015) 
did not take into account any costs associated with administering thinnings. 
 It is left uncertain that given current low sawtimber prices and increasing 
management costs, whether a more intensive management regime with two thinnings and 
a later harvest will remain the most profitable option at moderate discount rates. This 
analysis proposes a DCF analysis examining the effects of changing costs on the most 
economically appropriate number of thinnings as well as analyzes whether these trends 
were substantial enough to alter the financially optimal rotation length of the timber 
rotation.  
METHODS 
 For this analysis a choice was given for a hypothetical landowner to thin their 
stand either once or twice, and to then to harvest at the maximum value of one of two 
criteria, NPV or LEV. Analysis using both criteria added the ability to evaluate the 
management regimes on an individual rotation basis, as well as under the assumption that 
the land on which the timber was grown would remain in perpetual timber production. 
Ptaeda 4.0 (Burkhart et al. 2008) growth and yield modeling software was used to 
simulate the yields produced by each management regime. First thinnings were 
conducted after the basal area exceeded 110 ft2/acre and reduced basal area to 70ft2/acre 
using a combination of fifth row and low thinning. Second thinnings were specified after 
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basal areas exceeded 110 ft2/acre and were reduced to 70 ft2/acre using a low thinning. 
Thinnings and harvests had to be at least 5 years apart.  
Costs and rates of cost change associated with management activities are 
presented in Table 4.1 and represent average costs for forestry practices in the South for 
2016 (Maggard and Barlow 2017). Seedling costs were obtained from the South Carolina 
Forestry Commission (2018a). For this analysis, a chemical site preparation and burning 
combination was the only site preparation method considered. Cost change was simulated 
for rotations established in the cost base year, as well for management regimes 
established up to 5 years into the future. For example, a given practice in a regime 
established in the cost base year would be subject to a number of years of cost change 
equal to the year in the regime that the practice occurred, while a practice in a regime 
established 5 years after the cost base year would be subject to a number of years of cost 
change equal to the year in the regime that the practice occurred, plus 5 years. For 
analysis to determine the possible effects of cost change alone on optimal harvest age 
when using maximum LEV as the criteria for rotation age, cost change was simulated for 
regimes established up to 15 years into the future. Additional details on the methods and 
rates used to simulate cost change in this study can be found in Chapter 3 of this thesis.  
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Table 4.1. Forest practices costs and timing for financial maturity analysis. 
Practice Timing of cost Cost ($/acre) 
Real annual rates of 
cost change  (%) 
Hand planting 
bareroot seedlings establishment 43.56a 
 
— 
Seedlings establishment 35 — 
Site preparation burn establishment 28.94 1.87 
Chemical site 
preparation establishment 78.96 -1.89 
Timber marking 1st and 2nd thinning 33.77 1.88 
Timber cruising 
1st and 2nd thinning; 
final harvest 10.64 2.07 
   a$0.08/seedling @ 545 TPA  
Timber prices and product specifications for this analysis are presented in Table 
4.2 and represent the average timber prices for the South in 2016 (Hood et al. 2017). 
Assuming that costs associated with thinning may indeed be a deterrent for landowners to 
conduct a multiple thinnings, increasing sawtimber prices were also simulated in order to 
establish the breakeven point for management regimes with one versus two thinnings. 
This breakeven point was the rate at which sawtimber prices must increase in order for a 
regime with two thinnings to become more profitable than a regime with one thinning.    
Table 4.2. Timber products prices and 
specifications for financial maturity analysis. 
Product Specifications 
Price 
($/ton) 
Sawtimber >=12in. DBH to 8in. top 24.73 
CNS >=9in. DBH to 6 in. top 17.13 
Pulpwood >=5in. DBH to 4in. top 10.17 
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RESULTS 
NPV 
Results for NPV values for regimes with no, one, and two thinnings, with and 
without cost change, and given three different discount rates, are presented in Table 4.3. 
Under the assumption of no cost change a regime with one thinning was less profitable 
using a 3% and 5% discount rate. However, assuming timber marking and cruising costs 
change at the rates specified in this analysis, a management regime with only one 
thinning became slightly more profitable when using a 5% discount rate. A regime with 
one thinning was more profitable than a regime with two thinnings at a 7% discount rate 
and less profitable than a regime with two thinnings at a 3% discount rate, regardless of 
cost change. A regime with no thinnings remained less profitable than a regime with one 
thinning in all cases; however, assuming cost change, a regime with no thinnings was 
more profitable than a regime with two thinnings, at a 7% discount rate.  
 A given discount rate in an investment can be thought of as the opportunity cost 
of the capital used in that investment. Therefore, the higher the discount rate is, the 
sooner that the return on investment must be realized. Also, the additional timber value 
gained by thinning will be more heavily discounted at a higher than at a lower rate. 
Therefore, a management regime with multiple thinnings and a longer rotation will be 
less desirable at higher discount rates. 
The rates of increase of sawtimber prices necessary for a regime with two 
thinnings to be more profitable under all discount rates given the assumption of cost 
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change and using NPV, are presented in Table 4.4. These values reveal that relatively 
little to no real change to sawtimber prices was necessary for regimes using two thinnings 
to be more profitable, depending on the discount rate used. By default, when regimes 
with two thinnings became more profitable than a regime with one thinning, they also 
became more profitable than a regime with no thinnings. Additionally, given increasing 
timber prices, the optimal harvest age for a one-thinning regime becomes 30, and that for 
a two-thinning regime became 35. 
 
 
Table 4.3. Harvest age and NPV values for management regimes with no, 
one, or two thinnings, with and without cost change. 
Number 
of 
thinnings 
Harvest 
Age (yrs.) 
Discount 
Rate 
NPV no 
cost change 
($/acre) 
NPV0
a w/ 
cost change 
($/acre) 
NPV5
a w/ 
cost change 
($/acre) 
0 31 3% 601.29 597.52 601.06 
0 28 5% 264.20 262.10 265.81 
0 23 7% 93.17 91.82 95.66 
1 34 3% 694.29 680.48 680.10 
1 32 5% 307.80 298.46 299.46 
1 28 7% 106.37 99.75 101.63 
2 48 3% 787.51 759.93 708.95 
2 37 5% 314.27 296.98 295.98 
2 32 7% 101.88 90.45 91.12 
aNPV0 and NPV5  denote NPV for management regimes established in the cost base 
year and 5 years after the base years, respectively, assuming cost change. 
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Table 4.4. NPV, harvest age, and approximate real rates of 
sawtimber price increases necessary for breakeven profit for 
regimes with two thinnings versus regimes with one thinning. 
Number 
of 
thinnings 
Harvest 
Age (yrs.) 
Discount 
Rate 
NPV0 w/ 
cost and 
price change 
($/acre) 
Sawtimber 
price 
increase rate  
1 34 3% 694.29 — 
1 32 5% 300.06 0.04%/yr. 
1 30 7% 105.70 0.50%/yr. 
2 48 3% 787.51 — 
2 37 5% 300.37 0.04%/yr. 
2 35 7% 106.04 0.50%/yr. 
 
LEV 
Results for LEV values for regimes with and without cost change at three 
different discount rates are presented in Table 4.5. A regime with only one thinning was 
determined to be more financially feasible than a regime with two thinnings, with and 
without cost change, and regardless of discount rate. However, when using a 7% discount 
rate, a regime established five years after the cost base year that has no thinnings became 
slightly more financially feasible than a regime with one thinning. Other LEV analysis 
revealed that changes in costs alone wer not substantial enough to alter the optimal 
rotation age without also changing the thinning regime, even given future plantations 
established fifteen years after the cost base year. Additionally, because of the declining 
cost of site preparation with herbicide, depending on the discount rate, rotations 
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with fewer timber marking and cruising costs (i.e. with less thinnings and shorter 
rotations) actually increased in value when established five years after the cost base year, 
as compared to those established in the cost base year when assuming cost change. 
Additionally, costs changes associated with each baseline scenario in table 4.5 were 
projected for rotations established as far out as 15 years after the cost base years, and no 
change in optimal rotation age was found assuming thinning regimes remained fixed.   
Table 4.5. Harvest age and LEV values for management regimes with no, 
one, or two thinnings, with and without cost change. 
Number 
of 
thinnings 
Harvest 
Age (yrs.) 
Discount 
rate 
LEV no 
cost 
change 
($/acre) 
LEV0
a w/ 
cost change 
($/acre) 
LEV5
a w/ 
cost change 
($/acre) 
0 28 3% 1040.5 1034.11 1040.04 
0 25 5% 367.96 364.98 370.18 
0 23 7% 118.07 116.36 121.23 
1 32 3% 1131.46 1109.04 1108.39 
1 30 5% 395.12 382.94 384.20 
1 28 7% 125.20 117.41 119.62 
2 37 3% 1112.57 1071.07 1066.06 
2 32 5% 381.52 359.53 358.18 
2 31 7% 115.96 102.90 103.65 
aLEV0 and LEV5 denote LEV for management regimes established in the cost base 
year and 5 years after the base years, respectively, assuming cost change. 
 
The rates of increase of sawtimber prices necessary for a regime with two 
thinnings to be more profitable under all discount rates given the assumption of cost 
change and when valued using LEV, are presented in Table 4.6. Once again, when 
regimes with two thinnings became more profitable than a regime with one thinning, they 
also became more profitable than a regime with no thinnings. These rates are slightly 
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higher than those when the regime is valued using NPV. This indicates that it is easier to 
justify additional thinnings and longer rotations when one is only concerned with the 
value of the current rotation (NPV) and is not concerned with the opportunity cost of 
continuing to use the land for future rotations (LEV). It is also important to note though 
simulating cost change does not alter the optimal rotation length, simulating price change 
does. In general, changes in prices have a much more pronounced effect on LEV relative 
to changes in cost (Mendell 2018). Additionally, increasing sawtimber prices at a 
constant rate increased the rotation age of all regimes valued with LEV, except a one-
thinning regime with a 3% discount rate.  
Table 4.6. LEV, harvest age, and approximate real rates of sawtimber 
price increases necessary for breakeven profit for regimes with two 
thinnings versus regimes with one thinning. 
Number of 
thinnings 
Harvest 
Age (yrs.) 
Discount Rate 
LEV0 w/ cost 
and price change 
($/acre) 
Sawtimber 
price 
increase 
rate  
1 32 3% 1146.79 0.3%/yr 
1 32 5% 399.13 0.4%/yr. 
1 28 7% 127.05 0.7%/yr. 
2 38 3% 1151.12 0.3%/yr 
2 37 5% 398.81 0.4%/yr. 
2 35 7% 126.74 0.7%/yr. 
 
DISCUSSION 
 The results of this analysis reveal that past average real rates of cost increase for 
practices associated with thinning, when projected forward, have the potential to decrease 
the attractiveness of management regimes with two thinnings geared towards the 
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increased production of older trees. Frey (2015) concluded that using two thinnings was 
still more profitable than using one thinning under a 5% discount rate; however, these 
results indicate that it is not. In fact, given current timber prices and if costs continue to 
change at the assumed rates, the results indicate that shorter rotations with no thinnings 
may become equally financially feasible to those with one or two thinnings, depending on 
discount rate and the valuation criteria. The fact that the management costs associated 
with an additional thinning harvest were taken into account in this analysis is the primary 
reason that the results regarding the profitability of one versus two thinnings differed 
from those determined by Frey (2015). Additionally, Frey’s (2015) study assumed fixed 
harvest years, rather than assuming harvest at the optimal rotation age. This may have 
precluded the author from allowing a scenario in which a rotation with one thinning was 
allowed to grow to its most financially optimal age. 
  However, though the changing costs simulated in this study decreased the 
attractiveness of multiple thinnings, the difference in NPV for one-thinning regimes 
versus two-thinning regimes with cost change is minimal at a 5% discount rate. The same 
can be said for the difference between regimes with one or no thinnings when valued 
with LEV at a 7% discount rate when cost change is simulated. Rather, it is primarily the 
fact that thinning costs were taken into consideration at all in this study, as well as the 
current low price for sawtimber, that make fewer thinnings and shorter rotations more 
financially feasible under the two higher discount rates used in this study. This being 
said, it is also important to note that costs associated with timber marking and cruising 
are not the only costs that may be associated with conducting a timber harvest. Other 
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costs may include fees for having a forester actually administer the harvest. Any 
additional fees associated with commercial thinnings besides those for marking and 
cruising would increase the discrepancy between the value of regimes with one versus 
two thinnings given current sawtimber prices. For instance, if an additional cost for 
administering each thinning amounted to $30/acre, the reduction in NPV for a regime 
with two thinnings due to this fee would be $22.25/acre at a 5% discount rate, while it 
would only be $13.74/acre for a management regime with one thinning. Given the 
assumptions in the scenarios in this study, an additional cost of this magnitude associated 
with two thinnings is enough to make a regime with only one thinning financially 
comparable to a regime with two thinnings, even without increasing marking and cruising 
costs. 
When considering additional administration fees associated with thinning on top 
of the costs examined in this analysis, the results of this study make it seem as if it may 
not be financially prudent for landowners to incur the management costs associated with 
multiple thinnings. However, this is only the case if sawtimber prices remain the same or 
decline. The analysis in this study has shown that only relatively minor real increases in 
sawtimber prices would be necessary for regimes with two thinnings to be more 
financially optimal than those with one, at 5% and even 7% discount rates. This indicates 
that for a landowner currently facing the decision of whether or not to do a second 
thinning and extend their rotation length, forgoing a second thinning on the basis of 
currents cost would mean assuming that there would be essentially no real increase in 
sawtimber prices over the next ten years. Though this is possible given that sawtimber 
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prices have not increased over the last ten years (Harris 2018), a landowner content with 
earning a 5% discount rate would lose relatively little if they did chose to thin twice and 
extend their rotation, if indeed prices remained flat. Additionally, the use of operator-
select thinning, if properly executed, could increase the financial competiveness of 
management regimes with one rather than two thinnings by saving costs on timber 
marking. 
Though taking into account the costs associated with thinning may increase the 
attractiveness of management regimes with fewer thinnings and shorter rotations 
assuming current sawtimber prices, analysis revealed that it would take a landowner or 
manager actually changing their thinning regime to alter optimal rotation age when 
valued with LEV. That is, despite whether one of the management regimes in this study 
were established at the cost base year or 15 years into the future, change in cost alone at 
the assumed cost change rates would not alter the rotation age of any of the given 
regimes. This is at least partly due to the fact that including herbicide application as the 
primary form of site preparation for the management regime simulated in this analysis, a 
practice for which the cost has been trending downward for decades, moderated the 
effects of increasing costs associated with the regime and lessened the chance that overall 
cost change would be significant enough to alter the rotation length of future rotations. If 
herbicide application cost trends continue, the use of herbicide application in forestry 
may offset other increasing costs. 
That regimes with fewer thinnings and shorter rotations were more financially 
competitive when valued with LEV versus NPV is due to the fact that while NPV only 
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takes into account the opportunity cost of the capital involved in the rotation, LEV also 
takes into account the opportunity cost of using the land to continue to grow the current 
rotation, rather than starting the next rotation (Pearse 1967). Thus, valuing a rotation 
using LEV favors shorter rotations. This is supported by the fact that a stumpage price 
increase under the assumption of a single product class results in a shorter rotation when 
using LEV, as not taking advantage of the higher price increases the opportunity cost of 
not harvesting (Brazee and Dwivedi 2015). However, it has been demonstrated that when 
applying the LEV approach to a rotation with multiple product classes, the rotation age 
may vary directly with the change in stumpage price for those product classes requiring 
larger diameter trees (Brazee and Dwivedi 2015). Such an effect has also been 
demonstrated in this analysis for which an increase in sawtimber prices at relatively 
modest rates made the prospect of a regime with a longer rotation and two thinnings, 
geared more towards the production of larger diameter trees, a more financially attractive 
option.  
CONCLUSION 
 Analysis has shown that when taking into consideration possible costs associated 
with commercial thinning practices, multiple thinnings may not prove to be financially 
beneficial under current low sawtimber prices and assuming moderate discount rates. 
However, the differences between the values associated with management regimes with 
one versus two thinnings are small enough that relatively low real rates of average annual 
increase for sawtimber prices would compensate for the additional costs associated with 
multiple thinnings. This indicates that current trends in costs are substantially less 
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burdensome to the long term profitability of loblolly pine management than are current 
trends in sawtimber prices.  
This study did not take into account the increased possibility for higher quality 
sawtimber or the ability to market poles that might come with conducting multiple 
thinnings. The ability to market some of the increased volume due to performing a 
second thinning as a product more valuable than what is reflected by average sawtimber 
prices may be enough to make management regimes with two thinnings more profitable 
in more cases. Additionally, this analysis could be improved by including other thinning-
associated administration costs and their trends, should this data become available, in 
order to better represent possible barriers to the profitability of thinning.  
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CHAPTER 5 
CONCLUSIONS 
 
The value of having access to regional forestry cost data cannot be overstated, as 
these data allow landowners and managers to assess the profitability of investments with 
anywhere from 20 to 50-year time horizons. Additionally, these data provide researchers 
with the necessary information to assess changes to timber supply (Bair and Alig 2006) 
as well as to analyze the profitability of innovative management strategies, and provide 
policy makers with information they need to understand what level of financial support 
forest landowners may need to keep their forests productive.  
This thesis used regional cost data, common financial analysis, and basic 
economic theory to examine trends in the costs of forestry practices in the South and how 
these trends might impact the financial feasibility of loblolly pine plantation management 
in the future. The specific analyses: 1) used region cost data and provided metrics for the 
analysis of forestry cost trends in the South, analyzed these metrics as well as costs 
related to specific forestry practices, and related changes in the metrics and costs to 
trends in forest industry, policy, and the larger economy itself, 2) used trends in forestry 
costs to examine their potential effects on the long-term financial feasibility of specific 
loblolly pine management regimes, 3) used trends in forestry costs to examine their 
potential effects on the financially optimal number of thinnings and rotation lengths for 
loblolly pine plantations.  
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These analyses indicated that though the overall cost of practicing forestry in the 
South has shown little change on average, the cost of several practices have been either 
increasing or decreasing. Statistical and literature-based evidence showed that these 
changes have been related to a variety of factors including labor and fuel costs, derived 
demand due to forest product consumption, and a variety of policy factors including those 
related to herbicide restriction, tree planting, liability, and labor. Additionally, the impact 
of these changing costs have the potential to make loblolly pine management regimes less 
profitable overtime; however, the use of herbicide as a site preparation and competition 
control tool, as well as the implementation of well-executed operator-select harvests, 
have the potential to mitigate some or all of the negative changes in rotation value. Also, 
relatively small average annual increases in timber prices would offset any negative 
effects of cost change. However, even with increasing timber prices these cost change 
effects would still lead to a loss in rotation value compared to no cost changes. Finally, 
increasing costs associated with the cruising and marking of commercial thinnings and 
harvests, when combined with already low sawtimber prices, have the potential to limit 
the financial feasibility of multiple thinnings, and depending on discount rate and 
valuation criteria, the use of any thinnings. However, landowners should keep in mind the 
potential for relatively small increases in sawtimber prices to make regimes with up to 
two thinnings financially feasible at several discount rates, and that multiple thinnings 
could increase the volume of non-sawtimber products, a factor that was not examined in 
this analysis.   
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Researchers should continue to monitor forestry costs in the South, and 
encouraging participation in the surveys used for these studies is crucial to getting a 
realistic representation of the cost of forestry practices. Next, given the relative 
effectiveness, and the potential long-term financial feasibility of herbicide application for 
site preparation, researchers should continue to evaluate environmental and safety 
concerns surrounding forest herbicide use, as policy restricting forest herbicide use could 
create an economic shock that would limit the financial feasibility of loblolly pine 
plantation management. Continuing to improve herbicide formulation and the efficiency 
of its application may also limit such concerns as well as reduce cost. Finally, given the 
costs associated with timber marking, research evaluating the cost effectiveness of these 
practices in terms of improving the return on landowner investment versus operator-
select thinnings, should be also be encouraged.  
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Appendix A 
Forest Farmer/Forest Landowner cost studies, 1952-2016 table 
Table A1.  Forest Famer/Forest Landowner forestry practices cost studies, 1952-2016. 
Study 
Year 
Year 
Published 
Vol./ 
Issue/Pages 
Author(s) Publication 
1952 1953 12(8):5,17 Worrell, A.C. Forest Farmer 
1961 1963 22(13):6-8,15 Somberg, S.I., L.D. Eads, & J.G. Yoho Forest Farmer 
1967 1971 30(7):42-50 Yoho, J.G., G.F. Dutrow, & J.E. Moak Forest Farmer 
1974 1975 34(5):74-82 Moak, J.E., & J.M. Kucera Forest Farmer 
1976 1977 36(5):16-21 Moak, J.E., J.M. Kucera, & W.F. Watson Forest Farmer 
1979 1980 39(5):50-63 Moak, J.E., W.F. Watson, & P. Van Deusen Forest Farmer 
1982 1983 42(5):26-32 Moak, J.E., W.F. Watson, & M.S. Watson Forest Farmer 
1984 1985 44(5):16-22 Straka, T.J., & W.F. Watson Forest Farmer 
1986 1987 46(5):28-34 Watson, W.F., T.J. Straka, & S.H. Bullard Forest Farmer 
1988 1989 48(5):8-14 Straka, T.J., W.F. Watson, & M.R. Dubois Forest Farmer 
1990 1991 50(3):26-32 Dubois, M.R., W.F. Watson, T.J. Straka, & K.L. Belli Forest Farmer 
1992 1993 52(3):25-31 Belli, M.L., T.J. Straka, M.R. Dubois, & W.F. Watson Forest Farmer 
1994 1995 54(3):10-17 Dubois, M.R., K. McNabb, T. Straka, & W. Watson Forest Farmer 
1996 1997 56(2):7-13 Dubois, M.R., K. McNabb,  & T.J. Straka Forest Landowner 
1998 1999 58(2):3-8 Dubois, M.R., K. McNabb, T.J. Straka Forest Landowner 
2000 2001 60(2):3-8 Dubois, M.R, C.B. Erwin, & T.J. Straka Forest Landowner 
2002 2003 62(2):3-9 Dubois, M.R., T.J. Straka, S.D. Crim, & L.J. Robinson Forest Landowner 
2004 2005 64(2):25-31 Smidt, M.F., M.R. Dubois, & B.S. Folegatti Forest Landowner 
2006 2007 66(5):11-16 Folegatti, B.S, M.F. Smidt, & M.R. Dubois Forest Landowner 
2008 2009 68(5):5-12 Barlow, R.J., M.F. Smidt, J.Z.  Morse, & M.R. Dubois Forest Landowner 
2010 2011 70(6):15-24 Barlow, R.J., & M.R. Dubois Forest Landowner 
2012 2013 72(4):22-29 Dooley, E., & R. Barlow Forest Landowner 
2014 2015 74(5):22-31 Barlow, R., & W. Levendis Forest Landowner 
2016 2017 76(5):30-39 Maggard, A., & R. Barlow Forest Landowner 
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Appendix B 
Southern forest practices costs and cost indices, 1952-2016 tables 
 
For tables B1a through B10c, all costs not referenced in a footnote come directly from the cost and cost trends study of that year. All others cost 
values were derived by the author of this thesis using the methods referenced in the footnotes. Em dashes indicate that no values were available.  
 
Table B1a. Costs per acre of major forestry practices in the south, 1952-1998. 
Practice 
Year 
1952 1961 1967 1974 1976 1979 1982 1984 1986 1988 1990 1992 1994 1996 1998 
Cost ($/acre) 
Controlled 
burning  
0.21 0.68 1.60 2.51 3.65 2.95 4.12 7.16 4.84 6.52 8.1 8.14 10.57 14.65 16.58 
Herbicide 
application 
5.01 7.93 10.17 22.86 23.41 40.23 40.56 64.82 65.61 57.26 63.7 62.73 67.41 67.65 72.32 
Timber cruising 0.30 0.41 0.74 1.03 1.18 1.77 2.18 2.26 3.27 3.47 2.02 2.49 2.09 3.06 4.1 
Marking trees 
for harvesting 
0.60 2.10 3.09 4.96 8.05 7.14 14.02 14.63 10.57 8.58 8.47 12.72 14.19 12.21 15.06 
Mechanical site 
preparation 
5.25 14.09 23.52 48.01 73.36 93.09 114.04 90.23 94.21 92.66 87.45 98.42 100.74 108.05 122.14 
Planting by 
hand1 
0.0111 0.0163 0.0228 0.0534 0.0534 0.0466 0.0484 0.0485 0.0524 0.0584 0.0597 0.0577 0.0587 0.0607 0.0670 
Planting by 
machine1 
0.0074 0.012 0.0159 0.0330 0.0384 0.0409 0.0540 0.0505 0.0439 0.0492 0.0452 0.0519 0.0592 0.0651 0.0593 
Precommercial 
thinning  
— — — — 25.97 33.22 49.27 43.18 54.44 55.58 55.43 75.71 79.05 89.22 71.27 
Fertilization — — — — — — 38.8 40.35 36.03 35.84 39.29 43.17 41.01 56.52 54.8 
1Planting costs are reported as $/seedling planted 
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Table B1b. Costs per acre of major forestry practices in the south, 1982-1998. 
Practice 
Year 
2000 2002 2004 2006 2008 2010 2012 2014 2016 
Cost ($/acre) 
Controlled burning  17.7 14.41 21.08 24.94 29.31 25.79 32.42 18.18 26.63 
Herbicide application 68.12 70.18 69.45 79.41 48.82 47.68 55.12 29.89 69.53 
Timber cruising 3.45 5.4 3.32 5.23 6.28 6.56 13.2 2.75 10.64 
Marking trees for harvesting 25.7 65.09 14.62 58.26 86.99 48.4 43.48 29.64 29.25 
Mechanical site preparation 136.03 166.5 105.23 119.72 157.32 139.95 168.13 95.78 140.99 
Planting by hand1 0.0641 0.0800 0.0668 0.0863 0.1079 0.1200 0.1100 0.1100 0.1200 
Planting by machine1 0.0770 0.1100 0.1162 0.1168 0.1386 0.1500 0.2400 0.1400 0.0900 
Precommercial thinning  82.27 102.1 74.98 58.89 80.18 166.66 50.27 — 159.44 
Fertilization 43.08 56.04 50.08 77.98 110.28 62.79 86.33 79.49 70.41 
1Planting costs are reported as $/seedling planted 
 
 
 
Table B2a. Cost indices of major forestry practices in the south, 1952-1979. 
Year 
Controlled 
burning 
Herbicide 
application 
Timber 
cruising 
Marking trees 
for harvesting 
Mechanical site 
preparation 
Planting 
by hand 
Planting by 
machine 
Precommercial 
thinning 
Producer 
Price Index 
1952 5 12 14 4 5 23 14 — 30 
1961 17 20 19 19 12 34 22 — 32 
1967 39 25 34 22 21 47 29 — 33 
1974 61 56 47 35 42 110 61 — 54 
1976 89 58 54 57 64 110 71 53 61 
1979 72 99 81 51 82 96 76 67 79 
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Table B2b. Cost indices of major forestry practices in the south, 1982-2016. 
Practice 
Year 
1982 1984 1986 1988 1990 1992 1994 1996 1998 2000 2002 2004 2006 2008 2010 2012 2014 2016 
Controlled 
burning  
100 174 117 158 197 198 257 356 402 430 350 512 605 711 626 787 441 646 
Herbicide 
application 
100 159 161 141 157 154 166 166 178 168 173 171 195 120 117 136 74 171 
Timber cruising 100 104 150 113 93 114 96 140 188 158 248 152 240 288 301 606 126 488 
Marking trees for 
harvesting 
100 104 75 61 60 91 101 87 107 183 464 104 416 620 345 310 211 209 
Mechanical site 
preparation 
100 79 83 81 77 86 88 95 107 119 146 92 105 138 123 147 84 124 
Planting by hand 100 100 108 121 123 119 121 125 138 132 165 138 178 223 245 236 232 248 
Planting by 
machine 
100 94 81 91 84 96 110 121 110 143 204 215 216 257 272 446 259 167 
Precommercial 
thinning  
100 88 106 113 113 154 160 181 145 168 207 152 120 163 338 102 — 324 
Fertilization 100 104 93 92 101 111 106 146 141 111 144 129 201 284 162 222 205 181 
Southern Forest 
Practice Cost 
Index 
100 99 96 96 97 106 109 120 131 135 169 132 158 195 174 211 114 186 
Southern Forest 
Employee Wage 
Index 
100 108 111 123 134 147 157 168 169 183 186 194 225 256 256 283 295 290 
Producer Price 
Index 
100 104 100 107 116 117 120 128 124 133 131 147 165 190 185 202 205 185 
No. 2 Diesel Fuel 
Price Index 
100 86 49 50 74 62 56 70 47 93 78 128 217 325 233 326 300 144 
 
 
 
 
 
 
 
 
 78 
Table B3a. Controlled burning, total cost per acre in the 
Coastal Plain region, 1961-1979. 
Coastal Plain1 
Year 
1961 1967 1974 1976 1979 
Controlled 
burning  
0.7 1.43 2.51 2.4 3.45 
1Reflects arithmetic means of costs for southern and 
northern coastal plain regions combined. 
 
Table B3b. Controlled burning, total cost per acre in the Coastal Plain region, 1982-2016 
Coastal 
Plain1 
Year 
1982 1984 1986 1988 1990 1992 1994 1996 1998 2000 2002 2004 2006 2008 2010 2012 2014 2016 
Cost ($/acre) 
Controlled 
burning 2 
5.14 5.38 4.70 7.98 8.01 8.82 9.92 14.21 15.98 15.50 14.30 16.94 26.18 23.58 28.45 29.27 14.96 21.86 
11982,1984,2004-2012, 2016 reflect arithmetic means of published costs for southern and northern coastal plain regions combined.   
21982-1992 reflect arithmetic means of published costs of all coastal plain burning practices types. 
    
 
Table B3c. Controlled burning, total cost per acre in the Piedmont 
region, 1961- 1979 
Piedmont 
Year 
1961 1967 1974 1976 1979 
Cost ($/acre) 
Controlled burning cost  — 1.79 4.19 5.52 5.81 
 
Table B3d. Controlled burning, total cost per acre in the Piedmont region, 1952-1979 
Piedmont 
Year 
1982 1984 1986 1988 1990 1992 1994 1996 1998 2000 2002 2004 2006 2008 2010 2012 2014 2016 
Cost ($/acre) 
Controlled 
burning 1 
7.67 9.45 8.87 8.56 13.47 11.83 15.64 18.41 19.77 29.07 19.03 28.19 21.99 35.41 49.58 38.26 36.18 29.4 
11982-1992 reflect arithmetic means of published costs for all piedmont burning 
practices types. 
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Table B3e. Controlled burning, total cost per acre for the Coastal Plain and 
Piedmont regions  1952-1979. 
Practice Coastal Plain and 
Piedmont 
Year 
1952 1961 1967 1974 1976 1979 
Cost ($/acre) 
Controlled burning  0.21 0.68 1.60 2.51 3.65 2.95 
 
 
 
Table B3f. Controlled burning, total cost per acre for the Coastal Plain and Piedmont regions by ignition type, 1982-2016. 
Coastal 
Plain and 
Piedmont 
Year 
1982 1984 1986 1988 1990 1992 1994 1996 1998 2000 2002 2004 2006 2008 2010 2012 2014 2016 
Cost ($/acre) 
Ground1 — — 4.70 6.63 7.4 9.95 11.73 14.57 12.88 16.92 15.14 21.01 27.51 27.55 23.82 37.26 18.94 25.60 
Aerial1 — — 5.20 6.09 9.01 9.16 9.28 12.82 — — — — — — — — — — 
All 4.12 7.16 4.84 6.52 8.10 8.14 10.57 14.65 16.58 17.7 14.41 21.08 24.94 29.31 25.79 32.42 18.18 25.60 
1Weighted averages of published costs for practices related to ground or aerial ignition were used. 
 
 
 
 
 
Table B4a. Herbicide application, total cost per acre for 
the Coastal Plain region, 1961-1979. 
Coastal Plain1 
Year 
1961 1967 1974 1976 1979 
Cost ($/acre) 
All treatments 7.29 9.77 18.05 23.41 36.48
2 
1Reflects arithmetic means of published costs for 
southern and northern coastal plain regions combined. 
2Reflects arithmetic mean of published costs of all of 
coastal plain herbicide practices types. 
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Table B4c. Herbicide application, total cost per acre for 
the Piedmont region, 1961-1979. 
Piedmont 
Year 
1961 1967 1974 1976 1979 
Cost ($/acre) 
All Treatments 8.55 10.38 24.44 — 35.311 
1Reflects arithmetic mean of published costs of all 
piedmont herbicide practices types.  
 
 
 
 
Table B4d. Herbicide application total cost per acre for the Piedmont region, 1982-2016. 
Piedmont 
Year 
1982 1984 1986 1988 1990 1992 1994 1996 1998 2000 2002 2004 2006 2008 2010 2012 2014 2016 
Cost ($/acre) 
All 
Treatments1 
55.21 67.84 56.82 58.56 87.40 64.14 76.24 70.85 80.26 75.18 72.20 83.59 109.82 70.99 59.77 66.36 — 73.93 
11982-1992 reflect arithmetic means of published costs of all types of 
piedmont herbicide practices types.                       
 
 
 
 
Table B4b. Herbicide treatments, total cost per acre for the Coastal Plain region, 1982-2016. 
Coastal 
Plain1 
Year 
1982 1984 1986 1988 1990 1992 1994 1996 1998 2000 2002 2004 2006 2008 2010 2012 2014 2016 
Cost ($/acre) 
All 
treatments* 
46.79 61.73 64.5 59.66 58.28 60.24 64.39 66.40 70.34 66.23 69.09 62.98 73.75 40.32 46.35 66.43 29.33 67.44 
11982, 1984, 2004-2012, 2016 reflect arithmetic means of published costs for southern and northern coastal plain regions combined. 
21982-1992 reflect arithmetic means of published costs of all coastal plain herbicide practices types. 
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Table B4e. Herbicide application, total cost per acre for 
Coastal Plain and Piedmont regions, 1952-1979 
Coastal Plain 
and Piedmont  
Year 
1952 1961 1967 1974 1976 1979 
Cost ($/acre) 
All treatments 5.01 7.93 10.17 22.86 23.41 40.23 
 
 
Table B4f. Herbicide application total cost per acre for Coastal Plain and Piedmont regions, 1982-2016. 
Coastal 
Plain and 
Piedmont 
Regions 
Year 
1982 1984 1986 1988 1990 1992 1994 1996 1998 2000 2002 2004 2006 2008 2010 2012 2014 2016 
Cost ($/acre) 
Site Prep. 
(Aerial) 
— 74.622 77.292 83.83 85.59 87.32 86.44 87.29 96.54 95.05 92.44 86.46 97.61 58.74 66.08 73.59 — 79.70 
Site Prep. 
(Ground)1 
— 80.222 110.512 64.13 71.48 75.8 91.70 76.39 69.94 — — — 102.7 48.72 74.06 69.86 — 78.47 
Herb. 
Weed 
Control 
(Aerial) 
— — — — — — 36.39 52.15 52.51 51.44 — 44.31 81.79 41.77 34.02 50.74 — 44.14 
Herb. 
Weed 
Control 
(Ground)1 
— — — — — — 26.63 43.24 33.78 — — 29.03 25.63 22.25 18.44 15.45 — 57.11 
Release 
(Aerial) 
— — — 49.04 48.86 56.64 56.03 60.01 69.02 66.71 — 64.55 81.71 47.41 41.74 44.94 — 53.4 
Release 
(Ground)1 
— — — 35.52 45.08 58.06 67.19 50.19 59.55 — — — — 56.15 — — — 70.37 
Other 
(Aerial)1 
— — — — — — — — — — 57.26 — — — — — — 59.08 
Other 
(Ground)1 
— 55.22 54.51 — — 27.87 41.03 — — — 72.82 — — — — — — 68.65 
All 40.65 64.82 65.61 57.26 63.7 70.56 67.41 67.65 72.32 68.12 70.18 69.45 79.41 48.82 47.68 55.12 29.89 69.53 
1Weighted averages of reported costs for practices related to ground or aerial application were used.     
2Application assumed to be for site preparation.   
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Table B5a. Timber Cruising, total costs per acre for the Coastal 
Plain region, 1961-1979 
Coastal Plain1 
Year 
1961 1967 1974 1976 1979 
Cost ($/acre) 
All timber cruising 0.4 0.81 1.11 1.13 1.93 
1Reflects arithmetic means of published costs for southern and 
northern coastal plain regions combined. 
 
Table B5b. Timber Cruising, total costs per acre for the Coastal Plain region, 1982-2016. 
Coastal 
Plain1 
Year 
1982 1984 1986 1988 1990 1992 1994 1996 1998 2000 2002 2004 2006 2008 2010 2012 2014 2016 
Cost ($/acre) 
All 
timber 
cruising2 
3.08 — 3.85 2.54 2.02 4.08 1.77 2.91 3.56 2.99 5.33 3.66 4.05 6.53 5.88 13.06 — 9.4 
11982-1990 reflects arithmetic means of published costs for southern and northern coastal plain regions combined. 
21986-1990 reflect arithmetic means of published costs of all coastal plain cruising practices types. 
 
Table B5c. Timber Cruising, total costs per acre for the Piedmont 
region, 1961-1979. 
Piedmont 
Year 
1961 1967 1974 1976 1979 
Cost ($/acre) 
All timber cruising 0.44 0.55 1.08 1.08 1.5 
 
Table B5d. Timber Cruising, total costs per acre for the Piedmont region, 1982-2016. 
Piedmont 
Year 
1982 1984 1986 1988 1990 1992 1994 1996 1998 2000 2002 2004 2006 2008 2010 2012 2014 2016 
Cost ($/acre) 
All timber 
cruising1 
1.34 — — 2.03 3.28 4.18 3.72 4.29 6.79 6.78 — — 7.42 12.58 10.19 19.22 — 9.62 
11986-1990 reflect arithmetic means of published costs of all piedmont cruising practices types.   
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Table B6a. Timber marking, total costs per acre for the Coastal 
Plain region, 1961-1979. 
Coastal Plain1 
Year 
1961 1967 1974 1976 1979 
Cost ($/acre) 
All marking2 2.16 3.35 4.68 8.55 7.21 
1Reflects arithmetic means of published costs for southern and 
northern coastal plain regions combined. 
2Reflects arithmetic mean of published costs of all coastal plain 
marking practices types. 
 
Table B6b. Timber marking, total costs per acre for the Coastal Plain region, 1982-2016. 
Coastal 
Plain1 
Year 
1982 1984 1986 1988 1990 1992 1994 1996 1998 2000 2002 2004 2006 2008 2010 2012 2014 2016 
Cost ($/acre) 
All marking2 13.15 10.79 7.46 8.38 11.05 13.6 13.93 10.77 13.22 18.39 67.01 14.01 14.08 26.45 49.24 43.56 — — 
11982, 1984, 2004-2012, 2016 reflect arithmetic means of published costs for southern and northern coastal plain regions combined. 
21982-1990 reflect arithmetic means of published costs of all  coastal plain marking practices types. 
 
Table B6c. Timber marking, total costs per acre for the Piedmont 
region, 1961-1979. 
Piedmont 
Year 
1961 1967 1974 1976 1979 
Cost ($/acre) 
All marking1 1.98 2.68 5.14 16.04 5.11 
1Reflects arithmetic mean of published costs for all piedmont 
marking practices.  
 
Table B6d. Timber marking, total costs per acre for the Piedmont region, 1982-2016. 
Piedmont 
Year 
1982 1984 1986 1988 1990 1992 1994 1996 1998 2000 2002 2004 2006 2008 2010 2012 2014 2016 
Cost ($/acre) 
All marking1 12.17 18.99 4.67 — — 26.68 18.9 33.32 24.82 34.51 — — 100.29 101.33 43.12 — — 28.63 
11982-1990 reflect arithmetic means of published costs of all piedmont marking practices types       
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Table B7a.  Mechanical site preparation treatments, total cost per acre for the Coastal Plain region, 1961-1998. 
Coastal Plain1 
Survey Year 
1961 1967 1974 1976 1979 1982 1984 1986 1988 1990 1992 1994 1996 1998 
Site Preparation Treatment Cost (average $/acre) 
3-in-1 plow — — — — — — — — — — — — — 123.98 
Bedding, all types — — — — — 33.67 — 19.46 — — — — — — 
Single chop — — — — — 53.94 57.27 46.01 63.80 62.20 71.55 65.49 86.54 70.13 
Chop and bed — — — — — — — 90.17 73.59 89.75 103.56 — 86.54 — 
Chop and disk — — — — — — — — — 118.65 — — — — 
Double chop — — — — — 69.87 — 71.24 — — — — — — 
Disking — — — — — 45.38 — — — — — — — — 
Rip/Subsoil — — — — — — — — — — 49.08 56.77 80.93 — 
Shear only — — — — — — — 51.54 53.46 59.46 58.57 — — 106.05 
Shear and bed — — — — — — — 123.31 — — — — — — 
Shear, rake, and pile — — — — — 111.16 104.34 129.90 123.84 — 122.99 140.38 140.27 144.01 
Shear, rake, pile, and bed — — — — — — 109.05 138.86 158.17 166.70 160.01 179.14 165.65 140.82 
Shear, rake, pile, and disk — — — — — — — 120.00 — — 174.39 — — — 
All Types2 15.30 20.05 46.49 65.92 46.642 62.80 90.22 87.83 94.57 99.35 111.90 101.03 111.50 121.84 
11961-1984 reflect arithmetic means of costs for southern and northern coastal plain 
regions        
2All types for 1979-1990 reflect arithmetic means of published costs for all coastal plain mechanical site prep. 
practices     
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Table B7b.  Mechanical site preparation treatments, total cost per acre for the Coastal Plain region, 2000-2016. 
Coastal Plain1 
Survey Year 
2000 2002 2004 2006 2008 2010 2012 2014 2016 
Site Preparation Treatment Cost (average $/acre) 
3-in-1 plow — — 120.47 127.88 — — 185.35 — — 
Bedding, all types — — — — — 212.43 130.90 — — 
Single chop — — — — 62.26 85.76 77.75 — — 
Rip/Subsoil — — 91.94 140.20 — — 75.39 — — 
Shear only — — 88.33 81.96 — — — — — 
Shear, rake, and pile 154.77 — 185.93 — — — — — — 
Shear, rake, pile, and bed 262.91 226.10 199.70 — — — — — — 
All other — 160.63 101.19 118.57 — — — — — 
All Types 143.63 175.64 115.70 116.76 165.69 163.12 173.69 95.48 133.87 
12004-2012 reflect arithmetic means of costs for southern and northern coastal plain regions   
 
 
Table B7c. Mechanical site preparation treatments, total cost per acre for the Piedmont region, 1961-1998. 
Piedmont 
Survey Year 
1961 1967 1974 1976 1979 1982 1984 1986 1988 1990 1992 1994 1996 1998 
Site Preparation Treatment Cost ($/acre) 
Single chop — — — — — 67.86 48.56 70.51 76.50 103.55 86.30 — — 102.55 
Disking only — — — — — 49.43 — — — — — — — — 
Rip/Subsoil — — — — — — — — — — 100.00 — — — 
Shear only — — — — — — — 59.23 133.73 — 62.63 — — — 
Shear, rake, and pile — — — — — 132.19 84.07 123.06 — — 150.00 — — — 
Shear, rake, pile, and bed — — — — — — 211.11 195.67 — — — — — — 
Shear, rake, pile, and disk — — — — — — — 124.31 — — — — — — 
All Types1 15.58 25.27 52.95 75.12 52.22 83.16 114.58 114.56 105.12 103.55 109.37 96.18 85.24 124.90 
1All Types for 1979-1990 reflect arithmetic means of published cost for all piedmont mechanical site prep. practices         
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Table B7d. Mechanical site preparation treatments, total cost per acre for the Piedmont region, 2000-2016. 
Piedmont 
Survey Year 
2000 2002 2004 2006 2008 2010 2012 2014 2016 
Site Preparation Treatment Cost ($/acre) 
3-in-1 plow 121.34 — — — — — — — — 
All other — — — 177.18 — — — — — 
All Types 115.01 95.60 81.55 130.01 120.78 134.81 — — 160.76 
 
 
Table B7e. Mechanical site preparation treatments, total costs per acre, Coastal Plain and Piedmont regions, 1952-2016 
Average cost for 
Coastal Plain and 
Piedmont Regions 
Year 
1952 1961 1967 1974 1976 1979 1982 1984 1986 1988 1990 1992 1994 1996 1998 
Site Preparation 
Treatment 
Cost ($/acre) 
3-in-1 plow — — — — — — — — — — — — — — 127.23 
Bedding, all types — — — — — — 31.48 28.79 24.97 — — — 48.30 — — 
Single chop — — — — — — 55.32 55.52 52.96 65.47 66.16 75.02 69.65 87.00 80.15 
Chop and bed — — — — — — — — 84.23 73.59 89.75 103.56 — 97.59 — 
Chop and disk — — — — — — — 111.29 105.20 — — — — — — 
Double chop — — — — — — 72.33 58.45 83.79 113.31 — — — — — 
Disking only — — — — — — 44.49 46.50 60.22 — 47.90 — — — — 
Rip/Subsoil — — — — — — — — — — — 66.05 56.77 75.01 — 
Shear only — — — — — — — 62.33 57.20 55.74 64.76 60.60 73.62 — 106.05 
Shear and bed — — — — — — — — 125.29 — — — — — — 
Shear and disk — — — — — — — — — — — — 89.69 — — 
Shear, rake, and pile — — — — — — 114.34 95.27 125.81 124.67 118.52 127.15 133.37 131.20 149.12 
Shear, rake, pile, and 
bed 
— — — — — — — 152.79 173.94 157.09 166.70 160.01 179.13 165.21 156.33 
Shear, rake, pile, and 
disk 
— — — — — — — 143.26 121.21 144.31 175.18 174.39 — — — 
All Types 5.25 14.09 23.52 48.01 73.36 93.09 114.04 90.23 94.21 92.66 87.45 111.32 100.74 108.05 122.14 
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Table B7f. Mechanical site preparation treatments, total costs per acre, Coastal Plain and Piedmont regions, 2000-2016 
Average cost for Coastal Plain 
and Piedmont Regions 
Year 
2000 2002 2004 2006 2008 2010 2012 2014 2016 
Site Preparation Treatment Cost ($/seedling) 
3-in-1 plow 116.47 — 121.40 116.23 155.10 122.84 185.35 — — 
Bedding, all types — — — — 173.94 212.37 176.57 — — 
Single chop 81.46 — — — 113.95 82.24 77.75 — — 
Chop and bed — — — — 114.10 — — — — 
Rip/Subsoil — — 102.68 155.46 — 89.06 75.39 — — 
Shear only 98.18 — 92.37 81.96 — — — — — 
Shear, rake, and pile 144.53 226.10 185.78 — 170.60 — — — — 
Shear, rake, pile, and bed 262.91 — 204.91 — 188.73 262.20 199.99 — — 
All other multi-pass — — — — 190.74 — — — 229.371 
All other single-pass — — — — 118.75 — — — 105.73 
All other — 151.31 91.41 122.02 — — — — — 
All Types 136.03 166.50 105.23 119.72 157.32 139.95 168.13 95.78 140.99 
1Value is a weighted average of all published multi-pass treatments for 2016. 
 
 
Table B8a. Hand and machine planting costs per seedling for the Coastal 
Plain region, 1961-1979. 
Coastal Plain1 
Year 
1961 1967 1974 1976 1979 
Cost ($/seedling) 
All Types2 0.0132 0.0184 0.0343 0.0414 0.0416 
1Reflects arithmetic means of published costs for southern and northern 
coastal plain regions combined 
2Reflects arithmetic means of published costs of all coastal plain planting 
practices types. 
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Table B8b. Hand and machine planting, costs per acre for the Coastal Plain region, 1982-2016. 
Coastal 
Plain1 
Year 
19824 1984 1986 1988 1990 1992 1994 1996 1998 2000 2002 2004 2006 2008 2010 2012 2014 2016 
Cost ($/acre)3 
All Types2 37.83 38.37 32.69 36.15 37.96 38.13 39.3 44.18 43.32 44.13 58.99 41.74 50.93 77.36 67.00 79.77 * * 
*Too few survey responses 
11982,1984,2004-2012 reflect arithmetic means of published costs for southern and northern coastal plain regions combined. 
21982-1990 reflects arithmetic means of published costs of all coastal plain planting practices types. 
3Planting costs by region were reported per acre rather than by seedling for years after 1984; cost by region were reported per acre and per seedling for 
1984. 
    4Assumes 650 trees per acre. 
 
 
Table B8c. Hand and machine planting, costs per seedling for the 
Piedmont region, 1952-1979. 
Piedmont 
Year 
1961 1967 1974 1976 1979 
Cost ($/seedling) 
All Types1 0.0141 0.0211 0.0472 0.0542 0.0514 
1Reflects arithmetic means of published costs for all piedmont planting 
practices types. 
 
 
Table B8d. Hand and machine planting, costs per acre for the Piedmont region, 1982-2016. 
Piedmont 
Year 
19823 1984 1986 1988 1990 1992 1994 1996 1998 2000 2002 2004 2006 2008 2010 2012 2014 2016 
  Cost ($/acre)2 
All Types1 44.89 43.29 38.61 40.80 — 47.24 37.14 35.36 43.24 34.34 40.07 62.55 50.52 48.41 37.02 62.22 — — 
11982-1990 reflect arithmetic means of published costs of all piedmont planting practices types. 
2Planting costs by region were reported per acre rather than by seedling for years after 1984; cost by region were reported per acre and per seedling for 
1984. 
3Assumes 650 trees per acre  
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Table B8e. Hand and machine planting, costs per seedling for the Coastal Plain and 
Piedmont regions, 1952-1979. 
Coastal Plain and 
Piedmont 
Year 
1952 1961 1967 1974 1976 1979 
Cost ($/seedling) 
All hand 0.0111 0.0163 0.0228 0.0534 0.0534 0.0466 
All machine 0.0074 0.0120 0.0159 0.0330 0.0384 0.0409 
All Types1 0.0122 0.0135 0.0196 0.0407 0.0487 0.0449 
1Reflects arithmetic means of published costs of all planting practices types. 
 
Table B8f. Hand and machine planting, costs for the Coastal Plain and Piedmont regions, 1982-1998. 
Coastal Plain and Piedmont 
Year 
1982 1984 1986 1988 1990 1992 1994 1996 1998 
All hand ($/seedling) 0.0484 0.0485 0.0524 0.0584 0.0597 0.0577 0.0587 0.0607 0.0670 
All machine ($/seedling) 
0.0540 0.0505 0.0439 0.0492 0.0452 0.0519 0.0592 0.0651 0.0593 
All Types ($/seedling)*1 
0.0618 0.0566 0.0490 0.0540 0.0550 0.0600 0.0640 0.0610 0.0650 
All Types ($/acre)*1 40.19 35.67 32.8 36.9 37.54 40.2 38.52 41.38 43.31 
1All types for 1982-1984 reflect arithmetic means of published costs of all planting practices types. 
 
 
Table B8f. Hand and machine planting, costs for the Coastal Plain and Piedmont regions, 2000-2016. 
Coastal Plain and Piedmont 
Year 
2000 2002 2004 2006 2008 2010 2012 2014 2016 
All hand ($/seedling) 0.0641 0.0800 0.0668 0.0900 0.1100 0.1200 0.1100 0.1100 0.1200 
All machine ($/seedling) 
0.0770 0.1100 0.1162 0.1200 0.1400 0.1500 0.2400 0.1400 0.0900 
All Types ($/seedling)*1 
0.0640 0.0830 0.0848 0.0911 0.1097 0.0557 0.1372 0.0893 0.1096 
All Types ($/acre)*1 40.4 49.99 49.61 43.45 61.5 48.22 76.99 41.44 68.43 
1All types for 2006-2016 reflect weighted averages of published costs of all planting practices types. 
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Table B8g. Hand and machine planting costs per acre for the Coastal Plain and Piedmont regions by site conditions, 1982-2016. 
Coastal 
Plain and 
Piedmont 
Year 
19824 1984 1986 1988 1990 1992 1994 1996 1998 2000 2002 2004 2006 2008 2010 2012 2014 2016 
Cost ($/acre) 
Hand-
cutover1,2 
42.64 41.56 35.12 39.00 39.58 39.63 37.98 42.66 43.45 39.02 48.92 35.95 37.66 51.16 44.48 55.67 37.17 60.01 
Machine-
cutover2 
— 33.90 30.08 35.42 30.53 40.74 42.45 48.17 46.30 47.99 94.25 58.41 65.54 84.41 90.15 139.45 66.96 89.09 
Hand-old 
field 
38.88 25.00 — 35.56 49.05 38.00 38.60 42.88 41.18 — — 77.49 — — — — — — 
Machine-
old field3 
— 36.34 26.79 34.45 32.93 38.85 36.98 37.42 44.16 44.16 — — 62.52 — — — — — 
1Hand planting cutover sites for 1982 and 1984 reflect arithmetic means of published costs for hand planting cutover lands. 
2Hand planting cutover sites for 1984-2016 reflects weighted average of published costs for hand planting cutover lands. 
3Machine planting cutover land for 1986 and1988 reflects weighted average of published costs for machine planting cutover lands.  
 4Assumes 650 trees per acre. 
 
Table B9a. Precommercial Thinning, costs per acre for the Coastal Plain region, 1982-1998. 
Coastal Plain 
Year 
1982 1984 1986 1988 1990 1992 1994 1996 1998 
Cost ($/acre) 
Precommercial thinning 42.03
1 42.621 54 49.54 48.13 54.63 76.39 92.65 77.88 
*Too few survey responses 
11982, 1984, 2004-2012, 2016 reflect arithmetic means of published costs for southern and northern 
coastal plain regions combined 
 
Table B9b. Precommercial Thinning, costs per acre for the Coastal Plain region, 2000-2016. 
Coastal Plain 
Year 
2000 2002 2004 2006 2008 2010 2012 2014 2016 
Cost ($/acre) 
Precommercial thinning 82.49 101.34 69.18 90.88 77.82 111.77 153.55 — — 
1 2004-2012, 2016 reflect arithmetic means of published costs for southern and northern coastal plain 
regions combined 
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Table B9c. Precommercial Thinning, costs per acre for the Piedmont region, 1982-1998 
Piedmont 
Year 
1982 1984 1986 1988 1990 1992 1994 1996 1998 
Cost ($/acre) 
Precommercial thinning 54.24 45.13 50.88 63.58 — 90.25 95.04 82.16 57.92 
        
Table B9d. Precommercial Thinning, costs per acre for the Piedmont region, 2000-2016 
Piedmont 
Year 
2000 2002 2004 2006 2008 2010 2012 2014 2016 
Cost ($/acre) 
Precommercial thinning 83.15 — 78.44 55.71 108.24 250.44 — — — 
        
 
Table B9c. Precommercial Thinning, costs per acre for the Coastal Plain and Piedmont regions, 1976-1998 
Coastal Plain and 
Piedmont 
Year 
1976 1979 1982 1984 1986 1988 1990 1992 1994 1996 1998 
Cost ($/acre) 
Precommercial thinning 25.97 33.32 49.27 43.48 52.44 55.58 55.43 75.71 79.05 89.22 71.27 
 
Table B9c. Precommercial Thinning, costs per acre for the Coastal Plain and Piedmont regions, 2000-2016 
Coastal Plain and 
Piedmont 
Year 
2000 2002 2004 2006 2008 2010 2012 2014 2016 
Cost ($/acre) 
Precommercial thinning 82.27 102.1 74.98 58.89 80.18 166.66 50.27 — 159.44 
 
Table B10a. Fertilization treatments, total cost per acre for the Coastal Plain region, 1984-2016. 
Coastal Plain1 
Year 
1984 1986 1988 1990 1992 1994 1996 1998 2000 2002 2004 2006 2008 2010 2012 2014 2016 
Cost ($/acre) 
All fertilization2 35.96 37.14 35.36 36.54 41.54 41.22 56.65 53.05 41.68 — 43.97 77.77 112.31 80.8 76.91 79.49 — 
11984 and 2004-2012 reflect arithmetic means of published costs for southern and northern coastal plain regions 
combined          
21984-1992 reflects arithmetic means of all published costs for all fertilization practices for coastal plain region 
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Table B10b. Fertilization treatments, total cost per acre for the Piedmont region, 1984-2016. 
Piedmont 
Year 
1984 1986 1988 1990 1992 1994 1996 1998 2000 2002 2004 2006 2008 2010 2012 2014 2016 
Cost ($/acre) 
All fertilization1 42.73 — — — 36.48 — — 70.26 55.29 — 54.55 86.34 — — — — — 
11984-1992 reflect arithmetic means of published costs for all piedmont fertilization 
practices           
 
Table B10c. Fertilization treatments, total cost per acre for the Coastal Plain and Piedmont regions, 1984-2016. 
Coastal 
Plain and 
Piedmont 
Year 
1982 1984 1986 1988 1990 1992 1994 1996 1998 2000 2002 2004 2006 2008 2010 2012 2014 2016 
Cost ($/acre) 
Aerial — 43.82 36.54 42.48 45.52 42.1 46.62 — — — — — — — — — — 71.68 
Ground — 37.8 34.69 29.17 27.25 43.63 33.24 — — — — — — — — — — 63.16 
All 38.8 40.35 36.03 35.84 39.29 40.85 41.01 56.52 54.8 43.08 56.04 50.08 77.98 110.28 62.79 86.33 79.49 70.41 
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Appendix C 
Forest management regime valuation under changing costs tables 
 
 
 
 
 
 
 
Table C1. Net present value (NPV) of management regimes at successive establishment points (at 
the cost base year and 5, 10, and 15 years after the cost base year) given change in cost. 
 3% dicount rate  
1 2 3 3a 4 4a 5 5a 
NPV (no cost change) 475.02 625.72 617.83 681.20 559.04 627.58 709.40 750.00 
NPV0 458.95 598.62 591.70 657.94 531.93 597.16 682.30 721.90 
NPV5 451.62 588.95 583.07 649.35 529.45 592.29 678.53 717.42 
NPV10 443.54 578.15 573.63 639.45 525.18 585.15 673.00 711.11 
NPV15 434.64 566.11 563.48 632.57 519.08 575.62 665.65 702.91 
5% discount rate  
1 2 3 3a 4 4a 5 5a 
NPV (no cost change) 205.32 250.66 196.22 213.46 178.57 199.49 311.04 316.87 
NPV0 195.38 233.33 179.10 198.19 161.24 180.59 293.71 298.31 
NPV5 189.68 226.40 173.12 192.63 161.49 179.00 292.68 296.67 
NPV10 183.39 218.62 166.59 186.12 160.24 175.54 290.17 293.49 
NPV15 176.47 209.91 159.65 181.64 157.47 170.13 286.14 288.73 
 7% discount rate  
1 2 3 3a 4 4a 5 5a 
NPV (no cost change) 64.29 50.58 — — — — 97.77 90.19 
NPV0 58.01 39.24 — — — — 86.43 77.70 
NPV5 53.30 34.04 — — — — 87.13 77.90 
NPV10 48.11 28.16 — — — — 86.52 76.75 
NPV15 42.40 21.54 — — — — 84.58 74.22 
em dashes signify negative values 
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Table C2. NPV of management regimes at successive establishment points (at the cost base year and 
5, 10, and 15 years after the cost base year) given no timber marking costs and constant timber 
cruising costs. 
 3% discount rate  
1 2 3 3a 4 4a 5 5a 
NPV (no change) 475.02 625.72 617.83 681.20 559.04 627.58 709.40 750.00 
NPV0 492.64 662.43 656.11 718.73 595.74 662.34 746.10 786.61 
NPV5 489.68 660.75 655.59 719.42 601.25 667.25 750.33 790.24 
NPV10 486.42 658.75 655.07 719.98 605.78 671.14 753.60 792.86 
NPV15 482.83 656.41 654.76 718.41 609.38 674.03 755.95 794.50 
5% discount rate  
1 2 3 3a 4 4a 5 5a 
NPV (no change) 205.32 250.66 196.22 213.46 178.57 199.49 311.04 316.87 
NPV0 216.87 275.63 222.94 239.99 203.54 224.88 336.01 342.26 
NPV5 213.91 273.95 222.42 240.85 209.04 229.97 340.23 346.07 
NPV10 210.65 271.96 221.90 241.60 213.58 234.05 343.50 348.88 
NPV15 207.06 269.61 221.58 240.44 217.17 237.15 345.85 350.73 
 7% discount rate  
1 2 3 3a 4 4a 5 5a 
NPV (no change) 64.29 50.58 — — — — 97.77 90.19 
NPV0 71.91 67.84 — — — — 115.02 108.01 
NPV5 68.95 66.16 — — — — 119.25 111.94 
NPV10 65.69 64.17 — — 2.87 4.10 122.52 114.89 
NPV15 62.10 61.82 — — 6.46 7.34 124.87 116.88 
em dashes signify negative values 
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Table C3. NPV of management regimes at successive establishment points (at the cost base year and 5, 
10, and 15 years after the cost base year) given cost change and real annual timber price increases of 
0.5%. 
 3% discount rate 
1 2 3 3a 4 4a 5 5a 
NPV (no cost or price change) 475.02 625.72 617.83 681.20 559.04 627.58 709.40 750.00 
NPV0 554.13 746.31 757.92 830.73 667.61 774.20 812.38 894.72 
NPV5 564.59 762.86 778.85 856.18 691.36 800.80 844.29 927.30 
NPV10 574.76 778.96 799.62 880.93 713.99 825.94 858.21 948.41 
NPV15 584.56 794.49 820.49 909.63 735.46 849.79 907.63 980.90 
5% discount rate 
1 2 3 3a 4 4a 5 5a 
NPV (no cost or price change) 205.32 250.66 196.22 213.46 178.57 199.49 311.04 316.87 
NPV0 248.04 316.22 269.15 292.09 235.17 276.42 364.13 391.02 
NPV5 250.05 321.01 279.72 305.76 250.06 292.38 383.76 410.99 
NPV10 253.63 328.21 290.08 318.66 263.81 306.91 391.41 422.18 
NPV15 256.81 334.86 300.49 334.11 276.42 320.17 418.93 441.02 
 7% discount rate 
1 2 3 3a 4 4a 5 5a 
NPV (no cost or price change) 64.29 50.58 — — — — 97.77 90.19 
NPV0 86.72 85.31 9.90 11.15 5.54 17.33 125.49 128.61 
NPV5 86.28 86.82 15.18 18.81 15.93 27.99 138.50 141.87 
NPV10 86.54 89.54 20.29 25.81 25.20 37.30 143.32 148.35 
NPV15 86.41 91.73 25.44 34.37 33.35 45.38 159.41 160.01 
em dashes signify negative values 
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